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«^  Washington,  D.  C,  February  17,  1923. 

^     Dbab  Mr.  Secrbtaey  :  I  submit  to  you  herewith  report  of  the  Colum- 
^  bia  River  board  containing  a  study  of  and  reconunendations  upon  a 
general  plan  of  development  of  the  Columbia  River  between  Mat- 
head  Lake  in  Montana  and  the  mouth  of  the  Snake  River  in  Wash- 
ington. 

By  the  provisions  of  the  Federal  water  power  act  the  commission 
is  authorized  and  empowered  "to  make  investigations  and  to  collect 
and  record  'data  concerning  the  utilization  of  the  water  resources  of 
any  region  to  be  developed,  the  water-power  industry,  and  its  relation 
to  other  industries  and  to  interstate  or  foreign  commerce,"  "to 
cooperate  with  the  executive  departments  and  other  agencies  of 
State  or  National  Governments  in  such  investigations,"  and  "to  make 
public  from  time  to  time  the  information  secured."  The  act  further 
provides  that  all  licenses  issued  thereunder  shall  be  on  the  condition 
"that  the  project  adopted,  including  the  maps,  plans,  and  specificar 
tions,  shall  be  such  as  in  the  judgment  of  the  commission  will  be 
best  adapted  to  a  comprehensive  scheme  of  improvement  and  utiliza- 
tion for  the  purpose  of  navigation,  of  water-power  development,  and 
of  other  beneficial  pubUc  uses ;  and,  if  necessary,  in  order  to  secure  such 
scheme  the  commission  shall  have  the  authority  to  require  the  modi- 
fication of  any  project  and  of  the  plans  and  specifications  of  the  project 

,    works  before  approval." 

While  the  conmiission  is  not  given  authority  to  grant  rights  of 
way  for  irrigation  uses  only,  or  to  authorize  the  erection  in  navigable 
waters  of  structures  solely  for  navigation  use,  it  is  apparent  from  the 
provisions  of  the  statute  that  it  has  the  authority  and  the  duty  to 
give  consideration  to  both  of  these  uses  in  so  far  as  they  affect  power 
4evdiopmient  witjain  its  jurisdiction.  If  there  are  possible  or  pro- 
jected navigation  or  irrigation  developments  which  will  affect  possi- 
ble or  projected  power  developments  on  any  stream,  it  is  the  duty  of 
i^ie  commission  to  investigate  these  uses  and  their  effects,  and  if 
upon  such  investigation  it  finds  that  a  certain  scheme  of  composite 
development  is  best  adapted  to  the  utilization  of  the  stream  for  all 
purposes,  it  is  competent  for  the  commission  to  issue  permits  or 
licenses  for  power  developments  in  conformity  with  such  finding; 
in  fact,  not  otherwise  can  the  power  projects  which  it  approves  meet 
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the  requiremeDts  of  the  law  that  they  ''shall  be  such  as  in  the  judg- 
ment of  the  conunssion  will  be  best  adapted  to  a  comprehensive 

scheme  of  improvement  and  utilization." 

In  accordance  with  this  view  the  commission  at  its  meeting  of 
January  24,  1921,  directed  "that  whenever  a  power  project  affects 
a  stream  which  is  suitable  for  purposes  other  than  power  develop- 
ment  a  joint  study  by  the  several  Government  or  State  agencies  be 
conducted  whenever  practicable  in  order  that  licenses  should  not 
be  granted  without  taking  into  consideration  all  interests  affected 
thereby."  In  pursuance  of  this  action  two  major  investigations 
have  been  undertaken,  one  of  the  Deschut^  River  in  Oregon'  report 
of  which  was  publislied  in  1922,  and  one  of  the  upper  Columbia 
River,  the  subject  of  the  attached  report. 

For  the  Deschutes  River  investigation  a  board  of  engineers  was 
selected,  consisting  of  Col.  J.  B.  Cavanaugh,  Corps  of  Engineers, 
representing  the  commission,  Mr.  D.  C.  Henny,  of  the  Reclamation 
Service,  and  Mr.  Fred  F.  Henshaw  of  the  United  States  Geological 
Survey.  A  representative  of  the  State  of  Oregon  was  unable  to 
participate.  Since  the  problems  involved  in  the  Columbia  River 
investigation  were  similar  to  those  on  the  Deschutes,  the  same 
Federal  members  were  requested  to  serve  on  the  Coluni'oia  River 
investigations,  and  in  addition  the  States  of  Idaho,  Montana,  and 
Washington  were  requested  to  name  representatives  on  the  board. 
The  Columbia  River  board,  as  thus  constituted,  consisted  of  the 
following: 

J.  B.  Cavanaugh,  colonel,  Corps  of  Engineers,  chairman. 

D.  C.  Henny,  consulting  engineer,  United  States  Reclamation 
Service. 

Fred  F.  Henshaw,  district  engineer,  United  States  Geological 

Survey. 

W.  G.  Swendsen,  commissioner,  departm^t  of  reclamation,  Idaho. 

C.  S.  Heidel,  state  engineer,  Montana. 

Marvin  Chase,  supervisor  of  hydraulics,  Washington. 

The  board  was  instructed  to  make  a  study  of  the  Columbia  River 
from  Flathead  Lake  to  the  mouth  of  the  Siiake  River;  to  report  <Ml 
the  character  and  extent  of  present  and  prospective  uses  of  the  river 
for  navigation,  irrigation,  and  poww,  with  a  discussion  of  the  relative 
merits  of  each  and  of  their  relation  to  each  other;  and  to  outline  h 
program  of  development  that  would  harmonize  the  conflicting  uses  in 
such  manner  as  to  secure,  in  the  long  run,  the  ^eatest  combined  benefit 
from  all.  The  river  along  a  part  of  its  course  passes  tlirough.  the 
Dominion  of  Canada.  There  is  also  a  treaty  with  Great  Britain 
relating  to  navigation  on  the  river.  The  board  was,  therefore,  in- 
structed to  give  consideration  to  these  matters  in  its  report.  Smee 
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the  irrigation  of  a  large  area  of  land  in  the  State  of  Washington, 

known  as  the  Columbia  Basin  i^roject,  and  the  method  of  securing 
water  for  and  supj)]ying  it  to  this  project  would  be  hkely  to  affect  in 
very  considerable  degree  the  ultimate  power  possibilities  of  the 
Columbia  River,  the  board  was  instructed  to  secure  and  review  all 
available  data  and  to  report  its  opinion  as  to  the  effect  which  the 
two  possible  alternate  methods  of  water  supply — that  is,  by  gravity 
or  by  jiumping — would  have  upon  the  development  of  power  on  the 
river. 

After  nine  months  of  investigation  the  board  has  submitted  a 

report  which  is  concurred  in  by  the  three  Federal  members  and  by 

the  representatives  of  Idaho  and  Montana.    The  representative  of 

Washington  concurs  in  the  condusioBS  and  recommendations  of  the 

other  members  of  the  board  exce]>t  with  respect  to  the  Columbia 

Basin  project,  holding  that  the  board  was  without  authority  to  inquire 

into  the  relation  to  power  development  of  alternate  methods  of 

irrigation  development.    It  is  sufficient  to  reply  that  the  board 

was  acting  in  this  respect  under  instructions,  that  the  subject  of  the 

inquiry  was  dewiy  within  the  authority  of  the  commission,  and  that 

a  report  which  omitted  this  particular  study  would  be  of  little  value 

to  the  commission.    In  so  far  as  the  representative  of  the  State  of 

Washington  has  from  the  data  available  reached  conclusions  different 

from  those  reached  bv  the  five  other  members  of  the  board,  the 

majority  and  minority  reports  hereto  attacked  may  be  permitted  to 

speak  for  thonsdves. 

Very  truly,  yours,  ^  ^ 

O.  C.  Merrill, 

ExeciUive  Secretary. 
The  Chairman  of  the  Federal  Power  Commission. 


Portland,  Oeeg.,  June  30, 1922. 

The  board  of  engineers  appointed  to  make  a  general  study  of  the 

upper  Columbia  River  beginning  at  Flathead  Lake,  with  a  view  to 
outlining  a  s<lheme  of  development  best  suited  to  the  needs  of  power, 
irrigation,  and  navigation  on  the  Columbia,  submits  herewithi  its 
report. 

Marvin  Chase,  supervisor  of  hydraulics  of  the  State  of  Washington, 
and  a  member  of  the  Columbia  River  board ,  concurs  in  the  conclusions 

and  recommendations  of  the  board  except  as  to  the  consideration  of 
the  Columbia  Basin  project  in  said  report.  He  dissents  from  the  treat- 
ment and  conclusions  of  the  majority  of  the  board  regarding  that 
project,  and  has  filed  a  dissenting  minority  report  with  exhibits, 


dealing  particularly  with  the  Columbia  Basin  project,  which  is  sub^ 
mitted  herewith. 
Respectfully  submitted. 

J.  B.  Cavanaugh, 

Colonel,  Corps  of  Engineers,  Chairman. 

D.  C.  Henny, 
Consulting  Engineer,  U.  S.  Reclamation  Service. 

.  Fred  F.  Hexshaw, 
District  Engineer,  U.  S.  Geological  Survey. 

C.  S.  Heidel, 
State  Engineer,  Montana. 

W.  G.  SWENDSEX, 

Commissioner,  Department  of  Redamation,  Idaho.  ^ 

Marvix  Chase, 
Supervisor  of  Hydraulics,  State  of  Washington. 

The  Federal  Power  Commissiox, 
(Through  Executive  Secretary) , 

Washington,  D.  C. 
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REPORT  ON  THE  USES  OF  THE  UPPER  COLUMBU  RIVER. 


L  INTRODUCTION,  CONCLUSIONS,  AND  RECOMMENDATIONS. 

INTR<«DUCTION. 

1.  This  board  lias  been  appointed,  at  the  instance  of  the  Federal 
Power  Commission,  to  make  a  general  study  of  the  upper  Columbia 
RiveTy  kegmning  at  Flathead  Lake^  wiih  a  view  to  outlining  a  scheme 
of  development  best  suited  to  the  needs  of  power,  irrigation,  and  navi- 
gation oil  the  Columbia,  in  order  that  the  action  of  the  commission  in 
pasmig  upc^n  permits  and  licenses  for  power  development  may  be  in 
accordance  with  some  well-defirred  pohcy. 

2.  The  personnel  of  the  board  includes  not  only  representatives  of 
ike  departm^ts  the  Federal  Govranment  most  vitally  concerned, 
but  also  representatives  of  the  three  States  witliin  which  the  waters 
of  the  upper  Columbia  will  be  used. 

3.  In  its  consideration  the  hoard  has  used  various  data  tak^  from 
governmental  records  and  from  State  reports  and  other  public  docu- 
xnentSi  and  studies  based  upon  these  data  have  been  prepared  by  the 
memb^  of  the  board  and  by  the  district  engineer  at  Seattle. 

4.  The  first  meeting  of  the  board  was  held  at  Portland,  Oreg., 
September  12,  Since  that  time  the  work  of  investigation  has 
been  steadily  in  progress  by  the  board  and  its  members  and  meetings 
were  held  from  time  to  time  in  Portland,  Spokane,  and  Seattle. 

5.  During  September  20  to  24,  1921,  inclusive,  the  board  made  a 
field  inspection  oi  the  route  sdected  by  the  Columbia  BAsin  Commis- 
sion for  the  gravity  diversion  canal  of  the  Columbia  Basin  irrigation 
project,  of  the  dam  sites  under  investigation  on  the  Columbia  Kiver 
for  irrigation  pumping,  and  of  the  lands  to  be  watered.  The  board 
was  assisted  in  this  inspection  by  officials  of  the  State  of  Washington 
connected  with  the  project. 

6«  From  September  25  to  27,  1921,  inclusive,  inspection  was  made 
of  Flathead  Lake,  with  a  view  to  its  use  as  a  storage  reservoir,  and 

of  thQ  proposed  power^4ani  sites  on  the  Flathead  and  Clark  Fork 
Rivers. 

7.  On  May  7,  1922,  a  committee  of  the  board  made  an  inspection 
of  the  proposed  dam  site  at  Kettle  Falls,  on  the  Columbia  lUver,  and 
on  May  8  and  9  of  Pend  Oreille  and  Priest  Lakes. 

8.  On  February  14,  1922,  conference  was  had  at  Seattle  with  Mr.. 
E.  G.  Swan,  dji^trict.  chief  eotgineer,  daaunion  wat^r  power  brandy 
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Department  of  tbe  Interior,  Canada,  and  the  redprocal  effect  of  the 
uses  of  waters  of  the  Columbia  in  the  United  States  and  Canada, 
respectively,  was  fully  discussed. 

9.  On  March  28  and  29, 1922,  a  public  hearing  was  giv«i  at  Spokane, 
Wash.,  to  all  interests  deeming  themselves  affected  by  th^  dispoa- 
tion  of  the  waters  of  the  upper  Columbia  and  its  tributaries. 

10.  A  description  of  the  upper  Columbia  River,  covering  the  im- 
portant physical  characteristics  of  its  watershed,  is  ^ven  in  CSiapter 

11.  The  investigation  and  report  are  required  to  cover  the  following 

principal  points: 

(a)  A  general  resum^  of  power,  irrigation,  and  other  possible  uses 

to  which  the  water  may  be  devoted. 

(b)  A  program  of  development  that  will  harmonii%  the  inter- 
related uses  in  such  manner  as  to  secure  the  greatest  benefit  from 
them  all. 

(c)  A  policy  to  be  followed  by  the  United  States  and  the  States  of 
Montana,  Idaho,  and  Washmgton  in  using,  reservmg,  or  disposmg  of 
public  lands,  waters,  reservoiis,  and  power  sites. 

12.  The  situation  with  respect  to  navigation  m  the  upper  Columbia 
system  and  its  future  possibilities  and  requirements  are  given  in  a 
statement  prepared  by  the  district  engineer  at  Seattle,  in  charge  of 
the  navigaWe  waters  affected,  which  is  submitted  herewith  as  Ap- 
pendix A. 

13.  The  preset  situation  with  reference  to  the  use  of  water  for 
power  and  irrigation  and  possible  prospective  uses  for  irrigation 

set  forth  in  statements  prepared  by  the  members  of  the  board  from 
the  three  States  affected  and  submitted  herewith  as  Appendices  B, 
C,  and  D. 

14.  All  these  matters  were  considered  and  discussed  in  detail  by 
tiie  board,  and  their  interrelation  is  set  forth  in  Chapter  III  of  this 
report.   In  this  detailed  presentation  programs  of  devd^opment  and 

the  pohcy  to  be  followed  by  the  Federal  and  State  Governments 

eoncfflned  are  discussed. 

15.  In  this  presentation  discussion  has  not  been  extwided  to  those 

tributary  streams,  such  as  the  Spokane  and  the  Kootenai,  upon 
which  conditions  are  practically  fixed  or  which  will  be  without  mate- 
rial effect  upon  future  changes  in  the  disdiaige  oi  the  main  rivesr. 

CONCLUSIONS. 

16*  The  condnsioiis  arrived  at,  which  embody  a  general  ackeme 

of  development  considered  by  the  board  as  best  suited  to  the  needs 
of  power,  irrigation,  and  navigation  on  the  Columbia,  are  stated  in 
Chapter  III,  but  are  repeated  hem  for  eonveiiient  reference,  a» 

follows : 
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(a)  FroeckMB  should  be  given  to  fullest  irrigation  expansion  in 
Montana,  Idaho,  and  Washington,  and  no  rights  should  be  allowed 
to  accrue  to  the  lower  interests  which  would,  legalize  limitation  of  or 
int^eisenee  with  irrigation  above. 

(6)  The  Columbia  Basin  project  is  the  most  important  single  item 
to  be  considered  in  the  uses  to  be  made  of  Columbia  River  water 
above  ihe  moutii  of  Snake  Kiver. 

(c)  The  Columbia  Basin  project  can  be  urigated  by  gravity  from 
the  Clark  Fork  at  Albany  Falls  or  by  pumping  from  the  Columbia 
Biver  at  Grand  Coulee.  " 

id)  The  Columbia  Basin  gravity  project  can  be  adequately  sup- 
pUed  by  the  aid  of  storage  in  Pend  Oreille  and  Priest  Lakes  in  Idaho, 
conditioned  upon  maint^ance  of  natural  flow  from  Flathead  Iiake 
when  needed. 

(e)  The  Coliunbia  Basin  project  can  be  supplied  with  practically 
no  shortage  without  the  aid  of  storage,  with  a  dam  at  Grand  Coulee 
about  156  feet  high  above  low  water. 

if)  Information  upon  which  to  base  a  final  decision  between  a 
gravity  and  a  pmnped  supply  for  a  Columbia  Basin  irrigation  project 
is  not  complete  and  should  be  completed.  Any  decisi<m  should  take 
into  account  the  effect  upon  potential  power. 

ig)  Pending  such  decision  no  permanent  rights  of  storage  should 
be  granted  in  Pend  Oreille  and  Priest  Lakes. 

(h)  If  ultimately  the  decision  is  in  favor  of  a  Columbia  Basin 
gravity  project,  st(»rage  rights  in  Pend  Oreille  and  Priest  Lakes 
should  be  granted  to  such  project,  but  should  be  limited  to  storage 
of  inflow  in  excess  of  7,000  second-feet. 

(i)  If  ultimat^y  the  decision  is  in  favor  of  a  Columbia  Basin 
pumping  project,  storage  ri^ts  in  Pend  Oreille  and  Priest  hakea 
should  be  granted  to  the  joint  interests  of  power  on  the  lower  Clark 
Fork  and  the  Columbia  River,  subject  to  limitations  contained  .in 
section  (a)-. 

ij)  Storage  rights  in  Flathead  Lake  should  be  granted  to  Flathead 
power  interests,  subject  to  fullest  development  found  practicable 
after  complete  investigation.  Prior  to  such  development,  rights 
may  be  advantageously  granted  to  power  interests  on  Clark  Fork 
subject  to  conditions  protecting  ultimate  control  for  Flathead  power 
and  natural  flow  release  when  needed  for  the  protection  of 
Columbia  Basin  project  if  built  on  the  gravity  plan. 

(k)  Storage  control  at  Flathead,  Pend  Oreille,  and  Priest  Lakes 
should  be  under  impartial  supervision. 

(0  A  permit  to  develop  power  at  the  Grand  Coulee  site  or  at  any 
point  on  the  Columbia  River  as  far  downstream  as  the  Foster  Creek 
site  should  not  be  granted  to  power  interests  until  it  is  known  that 
such  site  will  not  be  needed  by  the  Columbia  Basiu  project.    In  case 
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the  Columbia  Basin  project  shall  require  a  power  site  for  irrigation 
mml  power  on  this  stretch  of  the  Columbia  River,  a  p»mit  i^ould  be 

granted  to  it  after  the  best  location  and  height  of  dam  shall  have 
beiBU  determined  from  the  standpoint  of  the  project  and  the  public 
interest. 

RECOMMENDATIONS. 

17.  If  a  policy  of  action  in  harmony  with  the  above  conclusions 
be  adopted  as  a  basis  for  action  on  power  applications,  it  is  believed 

that  the  general  public  interest  will  be  served  to  the  fullest  extent; 
that  all  feasible  irrigation  development  dependent  on  the  waters  of 
the  upper  Columbia  River  will  be  safeguarded;  that  irrigation  and 
water  power  development  will  be  coordinated;  and  that  interference 
with  river  navigation  by  dams  can  if  necessary  be  converted  into 
decided  improvement  by  the  construction  of  locks,  and  that  inters 
ference  with  lake  navigation  can  be  corrected  by  dredging;  and  it  is 
recommended  that  the  conclusions  set  forth  in  section  16  be  ap- 
proved; that  the  right  to  flood  pubUc  and  State  lands  marginal  to 
Flathead,  Pend  Oreille,  and  Priest  Lakes  be  reserved;  and  that 
copies  of  this  report  be  furnished  to  the  governors  of  Montana,  Idaho^ 
and  Washington. 

IL  DfiSCKIPTION  OF  BASIN. 
ABBA  AND  EXTENT. 


1.  Columbia  River  drains  an  area  of  about  259,000  square  miles, 

divided  among  political  divisions  as  follows: 


• 

Square 
miles. 

Percent. 

48,000 

81,380 
25,000 
5,280 
5, 270 
55,370 

18.5 
31.4 
9.7 
2.0 
2.0 
21.4 

Total  United  States  .■  

220,300 
38, 700 

85.0 
15,0 

.    The  drainage  basin  area  is  shown  on  Plate  1. 

2.  The  principal  tributaries  of  the  Columbia  are  the  Clark  Fork, 
rising  in  Montana  and  flowing  through  Idaho  and  Washington  to  its 
mouth  in  British  Columbia^  and  Snake  River,  rising  in  Yellowstone 
Park  and  traversing  Wyoming,  Idaho,  Oregon,  and  Washington  to 
its  confluence  with  the  Columbia  at  Pasco,  Wash. 


The  drainage  area  of  the  Columbia  may  be  segregated  by  streaia 

basins  as  follows: 


Columbia  River  above  Clark  Fork  

CfaurkFork.  

Columbia  River  at  interaatiooal  boondary 

Middle  area,  boandary  to  Snake  River  

Snake  River  

Columbia  River  below  Snake  River  

Jjower  area.  Snake  to  moutii  

Total  


Square 
miles. 


34.000 
26,000 


60.000 
43.000 
100.000 


Per  cent. 


13.1 
10. 0 


2:^.1 
18.7 
42.1 


212.000 
47.000 


81. » 
l&l 


259,000 


100.0 


The  drainage  basin  of  Columbia  River  above  the  Snake  is  shown 

on  Plate  2.  .  u 

3.  The  run-off  of  the  Columbia  may  be  compared  to  that  of  other 

large  rivers  as  follows: 


River. 


Caark  Fork  

Columbia  

Columbia  

Columbia  

Frazer  

Colorado  

Missouri  

Ohio  

St.  Lawrence  

Yukou  

Nile  

Danube  


Point. 


Drainage 
area. 


Newport,  V^ash  

Trail,  British  Columl^  

Veraita,  Wash  

The  Dalles,  Oreg  

Hope,  British  Columl^  

Yuma.  Ariz  

St.  Charles.  Mo  

Paducah.  Ky  

Ogdensburg,  N.  Y  

Eagle,  Alaska  

Assuan,  Egypt  

Mouth  


Sq 


h 


miles. 
24,200 
.•?4,000 
95,500 
237,000 
So, 600 
242,000 
.^,000 
202,000 
383,000 
122,000 
252,000 
300.000 


Mean  run-off. 

Maxi- 

mum 

flood 

Depth 

Period 

(thou- 

in 

of 
reoord. 

sands 

Millions 

inches 

of 

of  acre- 

Over 

second- 

feet. 

drain- 

feet). 

age 
area. 

200 

19.4 

15.0 

19<^;M921 

306 

53.  5 

29.5 

1913-1921 

520 

92.2 

18.7 

1913-1921 

1,160 

151 

12.0 

1878-1920 

3^0 

69 

15.  1 

1912-1920 

240 

17.2 

1.3 

19(12-1917 

600 

72.4 

2.6 

{') 

1,400 

217 

20.2 

{') 

330 

182 

8.9 

0) 

254 

53 

8,2 

1911-1013 

353 

84 
171 

1.6 
10.7 

(1) 

I  See  Water  Supply  Paper  347,  p.  77.  ^  ^  -  ^ 

«  Encyclopaedia  Brltaiuiica.  Other  results  taken  from  puWidied  recerds. 

4.  From  this  it  appears  that  Columbia  River  at  The  Dalles  has  a 
run-off  somewhat  less  than  that  of  the  Danube,  St.  Lawrence,  and 
Ohio  Rivers,  the  latter  with  a  somewhat  smaller  drainage  basin. 
The  Columbia  River  at  Vemita,  above  the  Snake,  is  sUghtly  larger 
than  either  the  Frazer,  Missouri,  or  Nile,  the  latter  two  with  much 
larger  basins,  while  at  Trail,  just  above  Clark  Fork,  it  carries  as 
large  a  flow  as  the  Yukon  at  Eagle,  which  has  a  catchment  area 
neaily  four  times  as  large.  Clark  Fork  at  Newport  has  a  slightly- 
larger  mean  discharge  than  Colorado  River  at  its  mouth,  just  below 
the  Yuma  gauging  station. 
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The  drainage  area  of  the  Columbia  may  be  segregated  by  stream 
basins  as  follows: 


Columbia  River  above  Clark  Fwk 
Clark  Fork  


Columbia  River  at  international  boundary 


Lower  area.  Snake  to  mouth 


Total   ' 


Scjuare 
miles. 

Percent. 

.34,000 
25,000 

13.1 

lao 

1     tH),  CKK) 
1  43,000 
109,000 

If).  7 
42.1 

212.  (XX) 
47,000 

1  18.1 

2rie,ooo 

100. 0 

The  drainage  basin  of  Colmnbia  River  above  the  Snake  is  shown 
on  Plate  2. 

3.  The  run-off  of  the  Columbia  may  be  compared  to  that  of  other 


large  rivers  as  follows: 


Clark  Fork   N e'.vport.  M  a^h  ...... 

Coinmbia    Trail,  British  Columbia. 

Vemita,  Wash  

Thi.^  Diillos.  Oro^r  

Hope,  British  Columbia. 

Yuma,  Ariz  

St.  Charles,  Mo  


Columbia  

Columbia  

Frazor  

Colorado  

Missouri    ,  , 

Ohio    Paducah,  Ky 


St.  Lawrence  

Yukon  

Nile   ^, 

Danube   Mouth 


Ogdensburg,  N.  Y 

Eajilo,  Alaska  


Drainage 
area. 

Maxi- 
mum 

flood 
(thou- 
sands 

of 

second- 
feet). 

Mean  run-off. 

Depth 
in 

MUIions  inches 
of  at-ro-  Over 
feet,  drain- 
age 
area. 

Period 

of 
record. 

Sq.  miles. 

24, 200 

200 

19.  4 

1  15.0 

19()3-1921 

:i4.000 

306 

!     53.  o 

'     29. 5 

1913-1921 

9").  oOil 

520 

2 

I  S.  7 

I91M921 

237,001) 

1, 160 

151 

12.0 

187*^1920 

So,  6(H) 

3S0 

69 

1  15.1 

1912-1920 

242,000 

240 

17.2 

1.3 

1902-1917 

527,000 

600 

72.4 

■  2.6 

{') 

202,000 

1,400 

217 

20.2 

0) 

3.S3.00() 

330 

'  1S2 

S.9 

0) 

122, 000 

2iA 

53 

8.2 

1911-1913 

1,262,000 

303 

84 

1.6 

(>) 

300,000 

171 

la? 

(«) 

1  See  Water  Supply  Paper  347,  p.  77.  ^,  ■  v.  j  j 

*  ^Mjydopsedia  Britannica.  Otha  results  taken  Irom  pubUsbed  records. 


4.  From  this  it  appears  that  Columbia  River  at  The  Dalles  has  a 
run-off  somewhat  less  than  that  of  the  Danube,  St.  Lawrence,  and 
Ohio  Rivers,  the  latter  with  a  somewhat  smaller  drainage  basin. 
The  Columbia  River  at  Vernita,  above  the  Snake,  is  slightly  larger 
than  either  the  Frazer,  Missouri,  or  Nile,  the  latter  two  with  much 
larger  basins,  while  at  Trail,  just  above  Clark  Fork,  it  carries  as 
large  a  flow  as  the  Yukon  at  Eagle,  whicli  has  a  catchment  area 
nearly  four  times  as  lai^e.  Clark  Fork  at  Newport  has  a  slightly 
larger  mean  discharge  than  Colorado  River  at  its  mouth,  just  below 
the  Yuma  gauging  station. 
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TOFOOR4FHT. 

5.  The  great  cordilleran  mountain  system  of  North  America  is 
composed  of  several  parallel  ranges,  the  whole  covering  a  broad  belt 
extending  from  the  Pacific  Ocean  to  the  western  limit  of  the  Great 
P^ins.    The  genesis  of  these  mountain  ranges  is  closely  related  to 

.  great  folds  and  faults,  which  are  in  general  paraUel  to  the  coast  line. 
Successive  cycles  of  uplift  and  erosion  have  produced  in  certain  areas 
a  topography  characterized  by  flat-topped  ridges  or  accordant  sum- 
mit levels  and  innumerable  narrow,  deep,  steep-sided  valleys. 

6.  The  drainage  basin  of  upper  CJolumbia  River  embraces  a  por- 
tion of  the  great  intermontane  watershed  which  lies  between  the 
Rocky  Mountains  and  the  Cascade  Range.  The  Rocky  Mountains, 
which  form  the  divide  between  this  and  the  Atlantic  watersheds, 
reach  elevations  ranging  from  8,000  to  12,000  feet,  the  highest  peaks 
lying  in  Canada,  near  the  northern  limit  of  the  Columbia  River 
drainage. 

7.  West  of  the  main  Rocky  Mountain  divide  and  roughly  paraUel 
to  it  are  several  mountain  ranges  that  become  successively  lower 
until  they  merge  into  a  broad  plateau.  Between  the  ranges  lie  long, 
narrow  valleys,  the  most  extensive  of  which,  known  as  the  Rocky 
Mountain  Trench,  lies  at  the  foot  of  the  main  range  and  extends 
from  about  latitude  46°  at  the  head  of  Bitterroot  River,  in  Montana, 
to  a  point  far  to  the  north  of  the  Columbia  watershed. 

8.  This  topography  has  controlled  the  courses  of  the  streams  and 
the  location  of  most  of  the  important  water-power  sites.  The  larger 
rivers,  not  only  the  Columbia  and  its  tributaries  but  tributaries  of 
the  Frazer  and  McKenzie,  rise  in  the  Rocky  Mountain  Trench  and 
follow  it  northward  or  southward  for  long  distances  with  no  great 
fall.  Eventually,  however,  the  streams  break  through  the  adjoining 
mountain  rairge  into  the  next  valley  to  the  west.  Upon  reaching 
this  valley  the  Columbia  and  Kootenai  reverse  their  direction  and 
jxearly  double  back  on  their  former  courses.  The  greatest  fall  of  the 
streams  occurs  in  the  gorges  through  the  mountains,  and  the  reser- 
voir sites  lie  in  the  intermontane  valleys.  Thus  the  upper  Columbia, 
rising  in  the  Rocky  Mountain  Trench  at  ^bout  latitude  50°  north, 
flows  thence  northwestward  for  about  170  miles  to  the  great  bend 
near  Canoe  River.  Here  it  plunges  over  many  rapids  and  omeiges 
jnto  the  vaUey  in  which  lie  the  Arrow  Lakes  and  through  which  ita 
course  is  somewhat  east  of  south. 

9.  Though  differing  in  detail,  the  couiBes  of  Flathead  River  and 
Clark  Fork  in  general  have  characteristics  similar  to  the  upper  Colum- 
bia. Flathead  River  rises  in  the  Rocky  Mountain  Trench  and  flows 
southeastward  to  Flathead  Lake.  At  the  ouUet  of  the  lake  it  flows 
southwestward  at  right  angles  to  the  general  trend  of  the  mountain 
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ranges.  This  course  is  marked  by  valuable  power  sites.  The  Flat- 
head below  Dixon^  Mont.,  and  the  Clark  Fork- below  Paradise  have 

a  moderate  average  fall,  but  favorable  power  sites  exist,  as,  for  exam- 
ple, at  Thompson  Falls  and  Cabinet  Gorge,  where  the  stream  crosses 
beds  of  quiurtzite. 

10.  Below  Lake  Pend  Oreille,  Clark  Fork  passes  through  a  less  ele- 
vated region  than  its  upper  basin  in  Idaho  and  Montana,  and  its 
northwestward  course  to  Metaline,  Wash.,  is  marked  by  no  consid- 
erable fall.  From  Metaline  to  its  mouth,  however,  where  it  cuts 
across  the  Bonnington  Kange,  it  falls  more  than  600  feet  in  less  than 
20  miles. 

11.  South  of  the  international  boundary  the  channel  of  Columbia 
River  lies  in  a  wide  valley  several  hundred  feet  below  the  surrounding 
momitains  and  plateaus.  Its  course  takes  a  southerly  direction  for 
nearly  a  hundred  miles,  to  the  mouth  of  Spokane  River.  Near  this 
point  it  turns  abruptly  westward,  making  what  is  known  as  the 
"Big  Bend."  Farther  on  it  turns  southward  md  then  southeast- 
ward, and  thus  almost  surrounds  on  three  sides  a  region  known  as 
the  Big  Bend  country.  The  fall  of  the  Columbia  through  the  State 
of  Washington  is  heavy  for  so  large  a  river,  unounting  to  more  than 
1,000  feet  in  400  miles.  Concentrated  fall  occurs  at  many  points, 
which  in  some  places  afford  favornl)lo  power  sites,  as  at  Kettle  Falls 
and  Priest  Rapids.  At  Kettle  Falls  the  fall  is  due  to  a  reef  of  hard 
quartzite  extending  across  the  stream  bed.  At  Priest  Rapids  the 
anticline  that  elevated  the  rocks  to  form  Saddle  Mountains  is  an 
obstacle  which  the  river  has  not  been  able  entirely  to  remove.  At 
Pasco  the  Columhia  receives  its  largest  tributary,  the  wSnake,  and  a 
few  miles  beyond  makes  its  final  turn  westward  toward  the  sea. 

12.  The  lands  proposed  to  be  irrigated  by  the  Columbia  Basin 
project  are  within  the  area  partly  surrounded  by  the  Columbia  in 
its  course  from  the  mouth  of  the  Spokane  to  Pasco,  commonly  known 
as  the  Big  Bend  comitry. 

In  general  this  area  is  a  plain  that  slopes  gently  southwestward 
from  an  elevation  of  about  2,S00  feet  west  of  Spokane  to  about  500 
feet  near  Pasco. 

•  OEOLOOT; 

IS.  The  geology  of  a  river  basin  is  of  interest  in  connection  with  a 
study  of  water  utilization  to  the  extent  that  the  geologic  formation 
may  modify  the  run-off,  affect  its  storage,  or  influence  the  fertility 
and  quality  of  the  soil.  For  instance,  existence  of  a  country  rock 
of  porous  or  fractured  lava  may  render  the  creation  and  use  of 
storage  reservoirs  of  such  uncertain  success  as  to  defeat  the  develop- 
ment of  projects  dependent  upon  them.  Glacial  action  may  pro- 
duce storage  basins;  in  fact,  most  of  the  lakes  available  for  WBt&t 
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storage  have  been  created  or  greatly  modified  by  ice  action.  The 
moraines  which  dam  their  oul^lets  are  commi^y  found  to  be  more 
or  less  impervious  to  water  owing  to  their  content  of  clay,  but  on 
the  other  hand,  a  moraine  may  be  highly  pervious. 

14.  The  areal  geology  of  tk^  r^on  eoosid^redeh^in  is  shown  in 
broadly  generalized  fashion  on  Plate  2,  which  was  chiefly  compiled 
from  the  geologic  map  of  North  America  (map  accompanying  U.  S. 
Geological  Survey  Professional  Paper  71),  and  maps  aceompaayiiig 
XJ.  S.  Geological  Survey  Bulletin  677  and  Bulletin  No,  20  of  the 
Washington  Geological  Survey. 

15«  The  rocks  that  imderliiB  the  drainage  area  of  upper  Columbia 
Kiver  naturally  fall  into  two  groups  that  differ  greatly  in  age  and 
contrast  strongly  in  then:  general  features.  The  older  group  com- 
prises rocks  that  range  in  age  from  pre^^Mnbrian  to  Mrly  T^xtuaj* 
They  consist  chiefly  of  sandstone,  shales,  and  limestones,  the  meta- 
morphic  equivalents  of  these  such  as  quartzite,  argiUite,  schist,  and 
homstone,  and  gronitic  rocks  ol  mtnmve  origin. 

16.  Much  the  greater  part  of  the  area  being  considered  is  occupied 
by  the  rocks  mentioned  above.  A  great  thickness  of  sandstone, 
shales^  and  limestones  known  as  the  Belt  series  imderUe  a  large  area 
(PI.  2)  along  the  Rocky  Mountains  extending  from  southern  Mon- 
tana almost  to  the  extreme  northern  point  reached  by  Columbia 
River  in  Canada.  Quartidtes,  argiUites,  Bchiats^  and  limestoiieev 
thought  to  be  mostly  paleozoic  in  age,  occupy  much  of  the  area  in 
Waahiogton  and  Idaho  north  of  Spokane.  Large  areas  of  intru- 
sive rocks  appear  north  of  the  Canadian  line  and  m  northeastern 
Washington  north  of  Columbia  and  Spokane  Rivers.  Less  exten- 
sive outcrops  of  similar  rocks  are  found  in  several  other  places,  one 
of  which  is  the  nortliem  pmrt  of  the  Gruid  Coulee. 

17.  Except  perhaps  the  granite,  the  rocks  of  the  older  group  have 
been  sever^y  folded  and  faulted,  as  a  result  of  which  they  are  com- 
monly traversed  by  seams,  shearing  pluies,  and  similar  structures. 
Under  the  influence  of  weathering  these  structures  become  more  or 
less  open  and  cause  the  mass  to  be  disrupted  into  fragments  of 
various  i»2es  that  commonly  form  a  talus  stretm  or  other  form  of 
surface  mantle.  The  weathered  zone,  however,  is  usually  thin. 
Breath  it  the.  rock  is  firm,  and  capable  of  supporting  engineering 
atructures  id  any  wei^t  and  id  hokdiDg^  water  in  stoarage  without 
serious  leakage. 

XS.  After  the  rocks  of  the  older  group  had  been  deformed  as 
OMOtioned  in  the  preceding  paragraph  they  were  eleTated  and 

carved  by  erosion  into  a  rugged  mountainous  land.  Later  on  parts 
of  the  Wd  became  depressed  and  in  these  low  areas  the  rocks  of 
the  youngs  group  were  deposited* 
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19.  The  rocks  of  the  younger  group  occupy  practically  all  of  the 
region  in  eastern  Washington  known  as  the  Colum])ia  Basin  and  the 
Big  Bend  country,  and  a  vast  area  to  the  south  in  Idaho  and  Oregon. 
In  addition  small  patches  of  them  are  found  here  and  ihet  )  in  north- 
eastern Washington  and  western  Montana. 

20.  Most  of  the  area  occupied  by  these  rocks  is  underlain  by  the 
Columbia  River  or  Yakima  basalt,  a  formation  made  up  of  sev^al 
separate  hirers  or  flows  of  lava  superimposed  one  above  the  other. 
Over  considerable  areas  these  layers  are  almost  horizontal^  remaining 
in  practically  the  same  altitude  they  assumed  when  they  came  to 
rest  as  layers  of  fluid  lava.  In  other  areas,  as  the  Yakima  region, 
they  have  been  moderately  bent  and  broken.  In  the  region  known 
as  the  Columbia  Basin  they  have  acquired  a  very  gentle  dip  to  the 
southwest. 

The  basalt  is  a  rather  hard  rock  that  varies  from  dense  to  porous 
or  cellular  in  texture  and  usually  affords  a  strong  foundation  icft 
dams  or  other  works,  but  its  different  layers  are  commonly  broken 
by  so  many  open  joints  or  other  fractures  that  water  passes  through 
it  rat^w  freely  for  long  distances.  Therefore  stori^  bamns  in  the 
basalt,  such  as  the  proposed  lake  in  the  valley  of  Latah  Creek 
would  probably  be  subject  to  serious  leakage. 

21.  Sediments  generally  refm«d  to  as  Tertiary  lake  beds  form  a 
rather  small  part  of  the  5'ounger  group.  They  are  interbedded 
with  the  basalt,  lie  beneath  it  in  places,  and  in  places  cover  its 
surface.  Consequently  they  have  undergone  about  th6  ^m^tmowaHi 
of  deformation  as  the  basalt.  The  most  extensive  area  of  the 
lake  beds  is  in  the  neighborhood  of  Pasco  (PI.  2)  near  which  place 
^ey  form  the  conspicuous  feature  known  as  white  Muffs.  The 
layers  that  are  interbedded  with  tjie  basalt,  or  that  lie  beneath  it, 
are  exposed  here  and  there  only  in  the  walls  of  canyons  or  coulees. 

22.  Many  of  the  Tertiary  lake  beds  are  fine  textured  dense  shales 
or  cla3^s  practically  impermeable  to  water  as  shown  by  the  fact 
that  springs  commonly  rise  along  their  outcrops.  Other  beds  are 
porous  and  all  are  inclined  to  be  rath^  soft  or  lf>osely  eonsc^dated 
and  not  likely  to  afford  safe  foundations  for  works  of  any  considerable 
size. 

23.  Depodts  of  glacial  origin  form  the  remaining  part  of  the 

younger  group.  Over  most  of  the  area  north  of  the  latitude  of  Spo- 
kane glacial  drift  forms  a  patchy  mantle  that  ranges  from  nothing 
to  several  hundred  feet  in  thickness,  but  its  aven^  depth  is  probably 
no  more  than  a  few  feet.  In  the  Big  Bend  and  Columbia  Basin 
region  the  glacial  deposits  are  practically  confined  to  the  valleys 
and  coulees,  rather  extensive  mreas  of  them  occurring  in  Uie  valley 
of  Latah  Creek  and  in  the  neighborhood  of  Moses  Lake. 
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Most  of  the  gliMial  deposits,  induding  the  materials  claseified  as 
moraine,  till,  and  outwash,  are  gravels.  Exceptions  to  this  are 
certain  light-colored  silts  that  form  terraces  along  Columbia  River 
above  Nespelem  and  in  the  northern  part  of  the  Grand  Coulee. 
Some  of  them,  like  the  moraine  at  the  outlet  of  Flathead  Lake, 
make  good  dams  because  of  the  abundant  clay  which  they  contain. 
In  genwal,  however,  the  glacial  deposits,  particularly  those  in  the 
Big  Bend  and  Columbia  BtBom  rogion,  axis  open  textured  and  easily 
permeable  to  water. 

24.  Glaciation  has  greatly  modified  the  drainage  of  the  region. 
It  is  safe  to  say  that  practically  all  the  lakes  in  the  region  are  the 
result  of  glacial  action,  which  has  either  hollowed  out  rock  basins 
or  danuned  vidleys  with  drift.  When  at  its  maximum  the  ice 
completely  blocked  the  valley  of  Columbia  Bivar  and  turned  its 
flow  into  the  coulees  that  cross  the  Big  Bend  country.  After  the 
mating  and  retreat  of  the  glacier  most  of  the  streams  regained  their 
fdrmer  valleys  though  in  places  their  eooises  were  changed  some^^t. 
In  some  of  these  places,  Spokane  Valley  for  example,  the  streams 
are  luarked  by  falls  due  to  the  fact  that  reefs  of  hard  rock  were 
uncovered  while  the  streams  wwe  engaged  in  cutting  their  new  chan- 
nels. The  approximate  southern  limit  of  glacial  ice  is  shown  on  the 
geol^c  map  (PI.  2). 

PIUECIPITATION. 

25.  The  mean  annual  precipitation  in  the  Columbia  River  Basin 

varies  according  to  locationlfrom  6  to  over  100  inches.  It  generally 
increases  with  altitude,  and  under  otherwise  similar  conditions, 
decre ases  with  increased  distance  from  the  sea.  Isohyetals  have  been 
derived  from  records  of  available  precipitation  stations  and  certain 
supplemental  uaformation.  They  are  in  the  nature  of  the  case 
approximate,  and  they  are  especially  uncertain  in  the  higher  moun- 
tains through  insufficient  number  of  rainfall  stations.  Plate  2  has 
been  prepared  showing  areas  with  mean  annual  precipitation  of  less 
than  1 5  inches  and  more  than  20  inches. 

26.  It  may  be  broadly  stated  that  where  the  precipitation  exceeds 
20  inches,  the  country  is  forested  and  mostly  mountainous,  and  that 
where  it  is  less  than  15  inches,  the  country  is  arid,  while  the  inter- 
vening areas  have  a  climate  merging  from  humid  to  arid. 

27.  It  will  be  noted  that  tlie  areas  with  low  rainfall  fie  in  two 
broad  belts,  one  comprising  east  central  Washii^ton,  and  extending 
northward  up  the  Okanogan  Valley  into  British  Columbia,  the  other 
lying  in  the  intermontane  valley  of  Montana  and  British  Columbia. 
It  is  within  the  arid  areas  that  the  greater  part  of  the  land  is  situated 
having  a  topography  sufiiciently  smooth  to  pernut  of  agricultural 
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development.  The  remainder  of  the  agriculturid  land  is  largely 
embraced  in  the  wheat  belt  of  eastern  Washin^jton  and  northern 
Idaho,  and  extends  into  the  areas  having  over  20  inches  of  precipi* 
taticm. 

STREAM  FLOW. 

28.  Plate  2  indicates  the  principal  river  gauging  stations  maiA^ 
tuned  by  the  United  States  Geol<^cal  Survey.   Plate  3  shows  thd 

period  of  time  during  which  these  stations  have  been  maintained. 

29.  The  station  with  longest  record  is  at  The  Dalles,  Oreg^,  at 
which  point  the  flow  of  91  per  cent  of  the  entire  Columbia  Basin 
has  l)een  measured  since  1878.  This  report  is  not  directly  concerned 
with  the  flow  at  The  Dalles,  since  it  contains  the  inflow  from  Snake 
River  and  other  streams  coming  in  below  Pasco.  The  record,  how- 
ever, is  of  great  value  for  comparative  purposes  in  view  of  the  much 
shorter  time  for  which  records  are  available  of  stream  flow  above 
Pasqp,  which  at  some  ess^tial  points  are  continuous  or  complete 
only  after  1913,  and  therefore  comprise  only  a  period  of  8  years. 

30.  The  mean  aimual  flow  at  The  Dalles  for  the  period  1878  to 
1921  is  shown  on  Plate  4,  which  also  indicates  the  minimum  flow 
for  each  year.  The  average  flow  for  the  entire  period  is  209,400 
second-feet.  Plate  4  further  shows  for  the  recent  8-year  period 
the  flow  above  Snake  River,  at  the  international  boundary,  the 
flow  in  Clark  Fork  at  Newport,  and  of  Flathead  River  at  Poison. 

31.  During  this  8-year  period,  the  average  flow  past  The  Dalles 
has  been  193,200  second-feet,  7^  per  cent  less  than  the  average  for 
the  entire  period  1878  to  1921.  In  a  general  way  this  indicates 
that  most  conclusions  as  to  stream  flow  based  on  the  flow  during  the 
last  8  years  may  be  considered  as  conservative,  although  the  dif^ram 
also  indicates  that  the  lowest  mean  annual  flow  occurred  in  the 
climatic  year  October  1,  1888,  to  September  30,  1889,  and  the 
minimum  flow  occurred  in  the  year  1890.  A  study  of  the  plate 
shows  in  addition  tliat  the  recent  8  vears  did  not  contain  an  extended 
period  of  3  years  of  relatively  low  flow  such  as  occurred  from  October 
1,  1888,  to  October  1,  1891. 
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USES  OF  THE  UPPER  COLUMBIA  BIVEB.  1^ 

32.  The  mean  annual  flow  at  various  points  along  the  river  from 
Flathead  Lake  to  the  mouth  of  Columbia  Eiver,  for  the  period 
October  1,  1913,  to  October  1,  1921,  together  with  drjunage  areas 
and  run-off  figures,  is  shown  on  the  following  table : 


Meanannwil  fow  at  points  from  the  outlet  of  Fhithcad  Lal:e  to  mouth  of  Columbia  Rii  er 

for  the  period  October  i,  1913,  to  October  1,  1921. 


Flow, 

Inter- 
mediate 
inflow. 

a 

Drainage 
area. 

Inter- 
mediate 
area. 

BuflNlff. 

Second-  ' 

feet  per   Depth  in 
square  inches, 
mile. 

Sec.'Jt 
11,200 

Sec.'ft. 

Sq.  miles, 
7,200 

Sq,  miles. 

1.55 
0. 74 

21.0 
10.0 

9,400 

12, 700 

20,600 

19,900 

7,000 

L34 

18.2 

'  27,600 

25, 100 

73,700 

34^990 

%ll 

me 

iohunbia  River,  Internaticmai  boundary.. 
Intermediate  stretch: 

101,300 

60,666 

21,100 
8,400 

26,000 

0.  81 
1*05 

11.0 
14.2 

130,866 

103,000 

Colinnbia  Rivor.  Pas?o  

lutennediale  stretch  

55,700 

109,000 

'  186,566' 

212,000 

Intormodiate  stretch  

6, 700 

25,000 

0.27 
0. 81 
*3.04 
1.00 

3.6 
11.0 
'  41.0 
13.6 

] 

Columbia  River,  The  Dalles  

*'i93,'266' 

2S7,aoo 

■  "22,666' 

1  260,000 

1 

'*259,'666" 

»  Area  of  9,000  square  miles  below  mouth  of  Spokane  River  yields  no  run -off , 
'  Estimated. 


33.  The  last  column  of  this  table  gives  the  depth  of  rua-off  over 
varioug  parts  of  the  general  drainage  area  which  figures  are  also 
i^wn  on  Plate  2.  It  will  be  noted  tiiat  the  most  prolific  portion 
of  the  area,  yielding  nearly  29  inches  in  depth,  is  in  British  Columbia, 
drained  by  the  upper  Columbia  and  Kootenai  Rivers.  This  portion 
of  the  basin  is  beUeved  to  give  a  hi^er  run-off  per  square  mile  than 
any  other  drainage  basin  of  equal  size  on  the  Continent  of  Nortii 
America. .  The  next  area  in  the  Columbia  River  watershed  in  order 
of  high  run-off  is  that  of  Flathead  River  above  Folson  from  which 
the  yield  was  21  inches.  From  the  above  figures  the  depth  of  ninroff 
shades  down  to  3.6  inches  principally  from  the  central  Oregon  country 
below  the  mouth  of  the  Snake  Kiver. 

34.  A  comparison  between  depth  of  run-off  and  precipitation,  Plate 
2,  lasgely  explains  the  great  difference  in  depth  of  run-off.  There 
are  other  important  factors,  however,  to  be  taken  into  consideration, 
especially  consumption  of  water  by  irrigation,  which  in  the  territory 
between  the  Cascade  Range  and  the  Columbia  River,  in  central 
Oregon,  andiaore  particularly  in  the  Snake  River  drainage  area,  tends 
seriously  to  deplete  the  run-off  measured  at  the  gauguig  stations. 
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STORAGE  RESERVOIRS. 

35*  The  basin  of  upper  Columbia  Kiver,  having  been  subjected  tQ 
extensive  orographic  movements  and  to  general  glaciation  abounds 
in  lakes  nearly  all  of  which  present  possibihties  of  water  storage. 
Only  three  of  these  are  considered  in  the  present  report. 

36.  Flathead  Laite.— This  lake  lies  in  western  Montana  at  an  ele- 
vation of  nearly  2,900  feet  and  covers  an  area  of  120,000  acres  or 
188  square  miles.  It  is  supplied  and  drained  by  Flathead  Kiver, 
which  being  larger  than  Clark  Fork,  at  their  junction  might  quite 
properly  be  considered  the  main  stream.  The  drainage  area  above 
the  gauging  station,  immediately  below  the  outlet  of  the  lake  is 
7,010  square  miles  and  the  average  run-off  for  1908-1921  was 
8,330,000  acre-feet,  equivalent  to  22.3  inches  over  the  basin. 

37.  Flathead  Lake  has  a  fairly  steep  shore  line  except  at  its  upper 
end,  where  the  upper  Flathead  has  built  up  a  large  delta.  A 
considerable  area  of  this  delta  is  flooded  at  ordinary  high  water. 

38*  Flathead  Lake  was  evidently  drained  in  former  geologic  time 
by  a  channel  through  Big  Draw,  a  depression  extending  westward 
from  Big  Arm:  this  channel  was  blocked  by  a  great  mass  of  glacial 
detritus  and  the  river  sought  its  present  outlet  through  the  rocky 
gorge  below  Poison.  No  misgivings  need  be  entertained  as  to  the 
probable  tightness  of  the  reservoir  basin,  especially  as  the  water 
need  not  be  held  at  as  lugh  a  levd  as  it  has  often  reached  under  natural 
conditions. 

39.  Lake  Pend  OreiUe. — Lake  Pend  Oreille  occupies  a  deep  depres- 
sion in  the  panhandle  of  northern  Idaho,  and  is  broadly  crescent 
shaped.  The  northern  part  of  it  may  be  coi^dered  a  wid^ng  and 
deepening  of  the  Clark  Fork  Channel,  but  the  greater  portion  of  the 
area  is  embraced  in  a  south^n  projection  which  occupies  a  north- 
south  valley.  For  purposes  of  this  T&poi^  the  lake  may  be  considered 
as  extending  down  to  Albany  Falls,  with  a  length  along  its  curved 
axis  of  65  miles  and  covering  an  area  of  86,000  acres  at  low  waiter, 
md  98,000  acres  at  the  high-water  stage  of  1913  or  1916. 

40.  Lake  Pend  Oreille  has  the  topographic  character  of  a  drowned 
valley  with  several  ramifications.  Its  shores  are  constituted  in  part 
by  cliffs  of  rock  that  plunge  as  prempitously  beneath  tiae  water  as 
they  rise  above  it;  in  part  by  more  gentle  rock  slopes  or  shelving 
beaches  of  shingle.  The  south  shore  of  the  eastern  arm  is  precipi- 
tous, but  much  of  the  westHti  portion  of  tbe^  lake  is  bordered  by 
gravel  beaches.  The  meadow  lands  at  the  head  of  the  la'^e  have  all 
the  characteristics  of  a  true  delta,  which  the  river  overflows  when 
swoUen  by  melting  snow.  The  ot^t  of  lake  is  between  rocky 
banks  and  at  Albany  Falls  the  river  crosses  a  dike  of  hard  rock, 
affording  satisfactory  foimdation  for  a  controlling  dam. 
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4L  Priest  Lake, — Priest  Lake  forms  an  enlargement  of  Priest  River, 
which  discharges  into  Clark  Fork  imxnediately  below  Lake  Pend 
OrdUe  and  about  5  miles  above  the  proposed  dam  at  Albany  Fidls. 
It  has  an  area  of  about  24,000  acres  at  low  water.  The  drainage  area 
above  the  outlet  of  the  lake  is  572  square  miles  and  the  average  run* 
off  862,000  acre-feet,  equivalent  to  29  inch^  in  depth  over  the  basin. 
Priest  Lake  presents  an  irregular  shore  line,  but  the  banks  are  fairly 
steep  along  most  of  its  border  and  the  area  subject  to  flooding  by  a 
.  raise  of  water  surface  is  m>t  large.  Priest  Rivw  leaves  the  lake  ovw 
a  bed  of  bowlders  and  compacted  material  between  banks  of  sand 
and  gravel.  The  fall  is  about  30  feet  in  the  first  2  miles  to  a  point 
where  the  river  passes  through  a  naixow  defile,  whrae  rock  is  exposed 
on  both  sides  to  a  considerable  height.  A  dam  could  easily  be  buUt 
to  the  desired  height,  either  at  the  gorge  or  at  the  outlet* 

UL  INTERRELATION  OF  INTERESTS  IN  THE  USE  OF  COLUMBU  RIVER 

WATER. 

1.  The  natural  flow  of  the  Ck>lti»^»a  £Uver  and  ite  tributaries  and 

the  manner  in  which  it  may  be  regulated  by  storage,  affect  the  fol- 
lowing interests: 

(a)  Marginal  reservoir  site  ownership. 

(6)  Flood  control. 

{c)  Navigation. 

(d)  Irrigation. 

{e)  Power. 

(/)  Relations  with  Canada. 

2«  These  interests  in  their  devebpm^  are  likely  to  intwfero  with 

each  other.  It  is  the  main  object  of  this  report  to  analyze  the  claims 
which  have  been  or  may  be  advanced  by  each  and  to  recommend  to 
the  Federal  Power  Commissicm  the  principles  whieh  mn^t  undwiie 
its  decisions  in  the  consideration  of  applications  for  power  permits. 

3.  At  the  public  hearings  held  by  the  board  in  Spoliane  on  March 
28  and  29,  1922,  niost  of  the  <  abave  sub jads  were  dts^^Med  bjr 
interested  parties,  and  their  statements  were  placed  on  file.  All 
these  subjects;  whethei^  represented  at  the  hearii^s  or  not,  niiist 
receive  full  cinisidfiratioi^ 

MABOINAL  BBSEBVOIR  SITE  OWNEBSHIP. 

...  ■  " 

4.  Large  reservoir  sites  exist  on  the  headwaters  of  the  Columbia 
River,  all  consisting  of  natural  lakes  which  can  be  effectively  and 
ecionomically  controlled  by  the  construction  of  dions  and  outlet  works. 
The  most  prominent  sites  in  the  United  States  are  Flathead  Lake, 
Pend  Oreille  Lake,  and  Priest  Lake,  all  in  the  drainage  basin  of  the 
Clark  Ftirk.   Minor  reservoir  sites  in  the  United  States  have  been 
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ignored,  as  they  are  of  insufficient  capacity  materially  to  affect  the 
general  problmn  of  river  r^ulation. 

5.  Interests  needing  storage  will  desire  to  use  storage  facilities  to 
their  utmost  extent  compatible  with  reasonable  cost  and  controllable 
inflow.  This  desire  conflicts  with  the  mt^rests  of  owners  armind  the 
lakes,  who  wish  to  have  a  distinct  limit  placed  upon  the  extent  to 
which  storage  control  shall  be  exercised. 

6.  There  are  large  lakes  in  British  Oolnmbia  such  as  Arrow  and 
Kootenai  Lakes,  which  might  be  utilized  as  a  means  of  river  regula-  , 
tion.  Their  importance  has  been  fully  recognized  and  most  friendly 
cooperation  has  been  received  by  this  board  in  the  ccmsideratiion  of 
this  question  from  dominion  and  provincial  authorities.  The  board 
was  advised  that  no  definite  plans  have  been  formulated  for  the 
utilization  of  stori^e  in  ^ese  lakes,  that  ihmr  use  ^oe  power  is 
British  Columl)ia  must  be  carefuUv  limited  so  as  not  to  interfere 
unduly  with  plans  of  land  jreclama tion,  that  future  irrigation  expan- 
sion and  consequent  stream  depletion  are  rather  limited^  and  that 
the  effect  of  full  use  of  storage  and  final  irrigation  expansion  in  British 
Columbia  upon  the  Columbia  Kiver  south  of  the  international 
boundary  can  not  at  the  present  iSme  be  foretold.  Infonnatiim  at 
hand  indicates  that  the  effect  will  be  relativelv  small  and  so  far  as 
it  may  be  felt  is  likely  to  be  beneficial  iii  increasing  the  low  water 
flow.  In  the  absence  of  d^nite  data  no  estimate  ctf  ^ais  e&eci  has 
been  attempted. 

7.  Flathead  Lake. — ^This  lake  is  located  on  the  Flatliead  River  in 
Montana  and  has  an  area  at  low  water  of  120,000  acres.  The  natural 
fluctuations  of  the  lake  as  observed  on  the  Poison  gauge  have  been 
between  elevation  97  (in  1894)  and  78.7  (in  1919  and  1920),  covering 
a  range  of  18.3  feet  and  giving  a  storage  capacity  of  2,900^000  acre- 
feet.    The  highest  water  in  recent  years  stood  at  92.7  (in  1916). 

8.  At  the  pubhc  hearings  in  Spokane,  commercial  and  landed 
interests  at  Flathead  Lake  registered  their  objeoiaons  to  lake  storage 
with  ordinary  high  water  above  certain  elevations  not  spedfically 
mentioned,  by  reason  of  extensive  destruction  of  valuable  farm 
lands  and  apprehended  spoliation  of  seenicft  beauty.  This  subject 
was  dealt  with  in  greater  detail  at  previous  hearings  on  January  26 
and  27,  1922,  at  Poison  and  Kalispell,  Mont.,  before  Col.  Edward  H. 
Schulz  on  behalf  of  the  Federal  Pow«r  Commission,  the  records  of 
which  were  made  available  to  this  board. 

9.  In  addition  to  pdvate  and  commercial  interests,  the  Federal 
Government  in  its  control  over  piibUc  uid  Indian  lands  and  over 
navigation  is  a  party  to  the  question  of  storage,  and  any  final  decision 
is  therefore  clearly  beyond  the  scope  of  this  report.  It  has,  howeyer. 
been  deemed  necessary  to  assume,  for  the  purpose  of  concrete  con- 
sideration of  the  general  problem,  definite  figures  for  ultimate  per- 
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missible  storage  capacity,  in  reasonable  harmony  with  public  uiterest 
and  not  likely  to  meet  with  strenuous  objection  from  local  com- 
munities or  private  interests  affected,  or  from  the  State  of  Montana. 

10*  The  Columbia  Basin  commission  of  the  State  of  Washington 
made  a  study  of  the  situation  at  Fkthead  Lake,  and  in  its  report  of 
1920  the  conclusion  is  presented  that  storage  would  not  cause  undue 
injury  or  excessive  eost  up  to  93  feet.  Poison  gauge.  With  normal 
low  water  assumed  at  gauge  height  80.3,  this  would  give  a  range  of 
control  of  nearly  13  feet  and  a  storage  capju  ity  of  1,600,000  acre-feet. 

11.  The  mwntenance  of  water  at  elevation  93  during  the  summer, 
at  times  extending  into  the  fall,  will  cause  the  submersion  of  certain 
areas  of  land,  mamly  at  the  north  end  of  the  lake,  and  will  interfere 
with  proper  cUrainage  of  higher  lands.  Injury  to  individuals  is  to  be 
compensated,  and  measures  can  be  taken  to  int^irove  drainage. 
Very  valuable  and  eeonomical  storage  could  easily  be  had  if  higher 
lake  control  could  be  acquired,  but  local  injury  would  thereby 
increase  rapidly. 

12.  From  information  at  hand,  it  appears  that  the  community 
interests  north  of  the  lake,  even  assuming  that  just  damages  are 
paid  and  effective  measures  are  taken  to  assist  drainage,  will  strenu- 
ously oppose  a  normal  high  water  elevation  of  93,  the  more  so  as  it 
must  be  understood  that  during  exceptional  climatic  conditions  such 
as  occuri  ed  in  1894,  extreme  stages  may  be  experiiMiced  as  high  as 
under  natural  conditions  in  the  past. 

13*  Objections  were  uaised  to  lake  storage  because  of  destruction 
of  scenic  beauty.  The  lake  frequently  rises  above  gauge  height  88. 
Consequently  a  margin  will  be  affected  by  storage  to  93  of  only  5  feet 
IB  vwrtksal>height.  In  general,  the  slopes  are  steep ,  and ,  if  tree  growth 
is  cleared  from  the  submerged  margin,  no  material  injury  to  scenic 
beauty  need  be  feared,  the  moie  so  as  the  lake  will  generally  be  kept 
at  full  height  imtil  the  be^raiing  of  August  aud  not  drop  below  90 
until  the  middle  of  October. 

14.  The  Indian  Service  has  interests  in  the  lake,  and  has  constructed 
a  tumid  intended  for  the  development  of  power  for  irrigation  pump- 
ing. The  conditions  which  on  this  as  well  as  other  accounts  may  be 
imposed  by  the  various  departments  of  the  Federal  Government, 
including  the  War  Departm^t  as  regards  navigation,  will  have  to  be 
met,  but  these  are  not  likely  to  prove  unduly  burdiaisome. 

16.  In  subsequent  studies  it  has  been  tentatively  assumed  that  the 
kike  ean  be  developed  to  yield  controllable  storage  to  the  extent  of 
1,600,000  acre-feet,  or  94,000  acre^eet  more  than  was  figured  by  the 
Columbia  Basin  commission.  The  ultimate  Flathead  Lake  storage 
eon  not  at  the  present  time  be  fixed^  as  the  expense  which  may  be 
involved  in  damages  and  hi  eolargeiaent  of  the  outlet  diaimel  wiU 
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have  to  be  determined  at  the  time  the  storage  'w'orks  are  needed  and 

because  this  expense  must  be  compared  \vitli  tlie  benefit  derived. 

16.  It  may  be  stated  nevertheless  that  the  Hood  of  1916  which 
rose  to  gauge  92.7  caused  land  submei^ence  between  the  north  end 
of  tlie  hike  iind  Kalispell  such  as  may  well  soem  seriously  objectionable 
to  the  local  commimity  as  a  level  for  normal  high  water  in  the  lake 
under  storage  control,  and  that  a  regulated  high-water  level  will 
probably  have  to  be  adopted  materially  lower  and  possibly  as  low  as 
90  on  the  Poison  gauije. 

17.  Objection  will  also  be  made  if  the  lake  be  lowwed  below  past 
low-water  levels.  Such  lowering,  however,  would  take  place  at  rare 
intervals,  and  then  only  in  February  and  March,  and  if  proper  meas- 
ures are  insured  for  prevention  of  damage  to  navigation  it  is  not  seen 
that  this  objection  should  receive  very  serious  consideration. 

18.  Maintenance  of  required  outflow  at  low-lake  stages  may  involve 
large  expense  in  channel  excavation.  It  has  not,  however,  been 
possible  for  this  board  to  enter  into  this  subject  in  detail,  and  in  any 
event  the  amount  of  controllable  storage  must  largely  be  left,  under 
limitations  which  may  be  imposed,  to  the  interests  who  are  to  pay  for 
such  storage. 

19.  A  storage  of  1,600,000  acre-feet  may  be  had  between  the  fol- 
lowing gauge  heights: 

(a)  High  wat^er,  93  feet;  low  water,  80.3  feet. 

(h)  Hi<rh  water,  92  feet;  low  water,  79.2  feet. 

(c)  High  water,  91  feet;  low  water,  78.1  feet. 
High  water,  90  feet;  low  water,  77  feet. 

The  above  as  well  as  all  other  Flathead  Lake  elevations  herein 
mentioned  refer  to  the  Poison  gauge.  The  information  at  haad  is 
to  the  effect  that  0  of  this  gauge  is  2,803  feet  above  sea  level. 

20.  The  Kalispell  interests  will  probably  be  satisfied  with  condition 
(d),  and  possibly  condition  (c)  can  be  fairly  considered.  It  may 
further  be  d^irable  at  the  time  of  extreme  emei^encies,  such  as  oecur 
but  seldom  and  then  only  as  stated  in  winter,  to  permit  a  temporary 
further  lowering  of  the  lake  below  ordinary  low  water,  subject  always 
to  the  beneficiaries  complying  with  requirements  as  to  navigation. 
It  is  upon  this  basis  of  a  controllable  content  of  1,600,000  acre-feet 
and  a  small  winter  draft  below  low  water  at  timea  of  great  eiaiei^ncy 
that  the  hydrographic  studies  of  this  board  have  been  based. 

21.  Should  it  prove  ultimately  uneconomical  or  for  valid  reasons 
impermissible  to  obtain  such  fidl  control,  the  effect  will  be  mainly 
felt  by  the  inter^ts  directly  dependent  on  Flathead  storage  and  will 
be  progressively  smaller  as  regards  development  on  the  Claik  Fork 
and  the  Columbia  Eiver  as  such  interests  depeiui  more  upon  saflow 
and  storage  from  other  soiuxses  as^  less  upon  Flat&ead  storage 
regulation. 
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22.  Pend  OreiUe  Lake. — ^This  lake  is  situated  on  the  Clark  Fork  in 
•  northern  Idaho  and  has  a  low-water  area  of  86,000  acres.    The  lake 

has  fluctuated  between  elevations  2,079*3  (in  1894)  and  2,050.1  (in 
1919),  giving  a  itinge  of  29.2  feet  and  a  natural  storage  capacity  of 
2,716,000  acre-feet.  In  recent  years  the  highest  water  level  has  been 
2,071.7  (in  1916),  affording  storage  for  newly  two  miUion  acre-feet. 

23.  The  Columbia  Basm  coimsiission  proposed  control  between 
elevations  2,051  and  2,065.  a  range  of  14  feet  providing  a  storage 
capacity  as  figured  by  the  commission  of  1,180,000  acre-feet.  Land 
-dami^  in  the  case  of  ihm  lake  dsoes  iM>t  increase  neariy  as  rapidly 
with  further  height  increase  as  in  the  case  of  Flathead  Lake.  With 
an  increase  of  5  feet  to  elevation  2,070,  how  ever,  about  4  miles  of  the 
C^eat  Northern  Eaiiwi^  between  Albany  FaUs  and  Sand  Point  may 
have  to  be  raised  in  order  to  maintain  a  freeboard  of  5  feet. 

24.  At  the  public  hearing  at  Spokane  statements  in  response  to 
<)uestions  of  the  board  indicated  that  no  serious  ecoiBaimity  damage 
would  result  from  establishing  normal  high  water  at  2,070.  Since 
that  time  a  communication  was  received  from  the  Sandpoint  Chamber 
of  Commerce,  dated  April  3,  1922,  in  which  it  is  declared  to  bci  the 
sense  of  the  people  of  Bonner  County  that  high  water  for  storage 
purposes  should  not  be  fixed  higher  than  elevation  2,061.  Consid- 
ering, howevw,  that  the  lake  onder  pres«at  ocuiditions,  except  in 
€0£tremely  low  years,  rises  above  this  elevation  every  year,  and,  for 
instance,  stood  7  feet  higher  during  the  entire  month  of  June,  1917, 
ai^  reaped  an  ekvation  over  10  feet  higher,  viz,  2^071*7,  in  July, 
1916,  compliance  with  this  request  of  the  Sandpoint  Chamber  of 
Commerce  is  practically  equivalent  to  abandonment  of  the  use  of 
this  valuable  asset  for  stori^e  purposes. 

25.  It  is  judged  from  data  now  available,  from  examination  and 
conference  on  May  8,  1922,  between  the  Chamber  of  Commerce  of 
Sandpc^t  and  a  c<«iniittee  of  Uie  board,  that  a  range  on  Pend 
Oreille  Lake  for  storage  purposes  of  between  2,050.7  and  2,070  will 
be  found  a  reasonable  use  of  the  lake,  and  one  which  will  neither 
necessitate  the  payment  of  v^  high  ilajonages  mur  cause  undue  har4- 
:ship  to  local  communities.  Such  range  will  give  a  storage  capacity 
of  1,750,000  acre-feet. 

26.  It  should  be  understood  that  in  unusual  years  water  may  rise 
itnd  fall  to  more  extreme  elevations,  as  in  the  case  of  Flathead  stor- 
age; no  higher  or  lower,  however,  than  would  obtain  under  natural 
conditions* 

27.  Prie^  Lake. — ^Priest  Lake  is  also  situated  in  the  northern  part 

of  Idaho.  It  is  fed  and  drained  by  Priest  River,  a  tributary  of  the 
'Clark  Fork,  eomkig  in  below  f  ^id  Oreille  Iiake,  but  above  the  dam 
proposed  at  Albany  Falls  to  control  this  lake.    It  commands  a  small 

<irainage  area  (573  square  miles)  but  a  relatively  high  run-off  amount- 
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ing  to  an  ammal  arerage  of  over  800,000  acre-feet.   It»  area  at  hm 

water  is  about  24,000  acres. 

28.  The  lake  lies  in  the  Kaniksu  National  Forest.  The  land  on 
the  west  side  of  the  lake  is  nearly  all  in  public  owBership.  The  Iwid 
on  the  east  side  was  mostly  transferred  to  the  State  of  Idaho,  which 
in  turn  sold  the  standing  timber  on  part  of  the  area,  subject  to  certain 
annual  payments  and  a  time  limit  for  remoYal. 

29.  The  Columbia  Basin  commission  did  not  consider  in  its  report 
the  use  of  Priest  Lake  for  ii-rigation  storage.  Its  position  low  on  the 
stream,  its  favorable  run-off,  and  tbe  fact  that  bo  extenaive  imprp^^er 
ments  have  been  made  around  the  lake,  and  in  so  far  as  known  no 
great  area  of  agricultural  lands  would  be  flooded,  limit  any  objection 
to  its  use  to  protests  from  those  who  use  the  44i»cent  ^undsipr 
cottages,  camping,  and  recreation  and  to  timber  interests.  As  to 
the  ^ount  of  tunber  which  may  be  flooded  and  which  is  privately 
owned,  this  board  has  no  definite  infeimation.  It  is  quite  certain, 
however,  that  ample  time  will  be  available  to  cut  this  timber  before 
the  lake  is  actually  raised,  which  fact  wiU  tend  to  mmimize  the 
damage. 

30.  Storage  in  the  lake,  conditioned  on  clearing  flooded  timberlands, 
should  be  regai-ded  as  in  the  best  interest  of  the  public,  in  view  of  the 
great  value  of  storage.  It  is  therefore  assmned  for  the  purpose  of  thia 
report  that  the  lake  can  be  controlled  between  elevations  2,434  and 
2,457  with  storage  capacity  of  600,000  acre-feet,  which  is  sufficient  to 
fairly  utihze  the  inflow.  Further  investigation  may  indicate  that 
the  desirable  range  of  stage  may  be  obtained  in  part  more  advantage- 
ously by  lowering  the  outlet  of  the  lake,  tlius  minimizing  the  damage 
of  submergence  at  the  higher  level. 

31.  It  is  of  course  understood  that  any  damage  to  property,  either 
in  personal,  corporate,  or  other  ownership  growing  out  of  changes  in 
lake  levels  in  Priest  or  Fmd  Grille  Lakes,  be  satisfied  by  the 
beneficiaries  of  storage. 

32.  Total  permis^Ue  storage* — ^The  assumptions  as  to  permissible 
storage  in  the  three  reservoirs  above  numerated  are  sumQiArized  a* 
foUows:  ^^^^^^.^ 

Flathead  Reservoir  acre-feet. .  1, 600,  OOO 

Pend  Oreille  Reservoir  -  -  -  1»  750,000 

Priest  Lake  Reservoir  . . .     600, OOC 

Total   ■-  3,950,000. 

FIXKH)  CONTROL. 

33.  The  flood-control  problem  on  tne  Columbia  River  syst^  refers 
to  the  inundation  of  lands  marginal  to  the  large  lakes  through  which 
the  main  river  and  its  tributaries  flow  and  of  valley  lands  along  the 
river  near  and  below  Portland,  and  also  to  danger  to  railroads  in  th« 
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narrow  and  deep  vallejr  tlurougb  wluch  the  nw&c  flows  for  the  remain- 
der of  the  distance. 

34.  The  total  area  of  land  subject  to  flood  inundation  consists  alto- 
ge^ier  ol  only  a  few  hundred  thoinami  aores.  So  far  as  tibis  land  is 
marginal  to  lakes  in  the  upper  reaches  of  the  stream  the  use  of 
these  lakes  for  storage  will  not  affect  appreciably  their  present  con- 
dition and  any  injury  to  high^  lands  due  to  storage  must  be  paid  for 
by  the  interests  on  behalf  of  which  storage  is  provided  or  must  be 
compensated  for  by  improved  drainage. 

35.  As  regards  the  lands  near  and  below  Portland,  there  are  about 
150,000  acres  subject  to  river  overflow,  of  which  less  than  one-third 
have  been  reclaimed  by  diking  and  are  generally  well  protected  against 
damage  fronf  ordinary  floods.  SUch  a  flood,  however,  as  that  of 
1894,  whidi  is  the  laigest  on  record  since  1858,  and  peaked  at  The 
Dalles  with  a  flow  of  1,160;000  second-feet,  would  overtop  the  dikes  of 
90  p^  cent  of  the  lands  so  far  reclaimed  and  would  therefore  cause 
serious  crop  and  property  damage. 

36.  All  new  railroad  construction  since  1894  has  taken  cognizance 
of  the  1894  flood  levels  and  is  not  likdy  to  suff^  materially  by  a 
recurrence  of  such  flood.  . 

37.  A  small  area  in  the  city  of  Portland  was  inundated  through 
high  levels  in  the  Columbia  River  affecting  the  Willamette  River 
flowing  through  that  city,  and  did  no  lasting  serious  damage. 

38.  On  the  whole,  the  flood  problem  of  the  Columbia  River  is  of 
small  consequence  as  compared  with  that  on  other  laige  streams  with 
VilSt  alluvial  plains  and  large  industrial  areas  subject  to  inundation. 

39.  Little  if  any  benefit  could  be  derived  from  flood  control  through 
storage.  This  is  due  to  the  fact  that  the  location  of  storage  reser- 
Vtttrs  is  about  1,000  miles  distant  from  the  seat  of  the  principal  flood 
danger  and  that,  being  located  near  the  headwaters,  the  flood  inflow 
below  amounts  to  more  t&an  75  per  cent  of  the  total  run-<iff. 

40.  The  permissible  storage  capacity  of  these  reservoirs  is  also 
small  relative  to  the  remaining  25  per  cent  of  run-oflp.  For  instance, 
total  permissible  storage  on  the  Clark  Fork  may  not  reach  4,000,000 
acre-feet.  The  flood  flow  of  1916,  which  is  the  largest  of  which 
records  are  at  hand  on  the  Clark  Fork,  shows  a  total  run-off  during 
June  and  July  of  12,000,000,  acre-leet. 

41.  The  run-off  into  the  reservoirs  was  therefore  in  that  year 
more  than  three  times  and  in  1894  may  have  been  four  times  the 
permissible  storage,  irom  which  it  k  evid^t  that  the  reservoirs^ 
even  if  used  solely  for  flood  control,  would  probably  have  been 
entirely  filled  before  the  occurrence  of  the  flood  peak  and  could 
not  have  had  any  appreciable  effect  on  flood  conditions  nearly  a 
thousand  miles  below. 
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42.  In  so  far  as  natural  ston^e  may  hare  ameliorated  flood  em^ 

ditions  in  the  past,  practically  the  same  benefit  would  result  in 
future  after  stori^e  reservoii^  are  built,  because  tke  lakes  would- 
fill  and  reach  extreme  flood  levels  about  in  the  same  manner  and 
at  the  same  time  as  under  natural  conditions. 

4^.  The  subject  of  utilization  of  available  storage  possibilities 
for  flood  control  may  ther^ore  be  dismissed  from  consideration, 

KAYIGATIGN*  * 

44.  Navigation  of  the  river  above  Pasco  is  at  present  but  slightly 
developed  as  shown  by  the  report  of  Colonel  Schulz  (Appendix 
A),  and  will  at  all  times  be  hampered,  so  far  as  not  affected  by  pond- 
age at  power  or  storage  dams,  by  the  steep  river  gradients  and  be 
limited  in  commercial  importance  especially  above  Bridgeport, 
Wash.,  by  the  depth  of  the  channel  below  the  surrounding  country, 
by  the  relatively  small  area  of  valley  lands  immediately  adjacent 
to  l^e  river,  and  by  the  existence  of  a  well  developed  and  expanding 
system  of  railroads. 

45.  The  river  is  partly  used  for  driving  logs,  notably  parts  of 
the  Clark  Fork,  but  the  use  of  storage  for  maintenance  of  flow  durixig 
the  low-water  season  is  notoriously  wasteful  unless  produced  inci- 
dentally in  connection  with  irrigation  or  power  development  as  its 
main  object.  It  is  important,  however,  that  at  some  dams,  espe- 
cially at  the  dams  controlling  storage  in  Pend  Oreille  and  Priest 
Lakes,  facihties  be  provided  for  the  passing  of  logs.  likewise,  in 
the  construction  of  tdl  dams  whether  for  storage,  power,  or  divemon 
the  question  of  the  necessity  of  locks  will  have  to  be  carefully  con- 
sidered for  construction  either  simultaneously  with  the  dam  or 
later  when  practical  use  can  be  made  of  such  locks  in  connection 
with  river  improvement  for  navigation  above  and  below.  The 
subject  of  lock  construction  on  the  mam  river  in  the  United  States 
is  in  the  hands  of  the  War  and  State  Departments,  and  as  to  division 
of  cost  in  the  hands  of  Congress.  This  report  need  take  cognizance 
of  this  subject  only  as  it  may  affect  cost  of  dams  and  relations  with 
Canada. 

46.  Navigation  on  the  lakes  will  ^ot  necessarily  be  interfered 
with  by  the  use  of  lakes  for  storage,  as  on  the  whole  storage  control 
will  tend  to  increase  navigation  depth  at  critical  periods  and  if 
lakes  are  drawn  down  to  lower  elevations  than  those  which  have 
prevailed  m  the  past,  proper  provision  can  be  exacted  for  the  pro- 
tection of  navigation. 

lEEIGATION. 

47.  Superiority  of  the  rights  of  irrigation  over  those  of  power 
as  regards  diversion  from  the  natural  stream  flow  has  been  conceded 
by  aU  the  r^resentatives  of  power  interests  who  have  appeared 
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before  this  board,  and  indeed  is  in  accord  with  the  trend  of  court 
decisions  and  the  administrative  river  control  in  Idaho  and  Wash- 
ington,  and  also  with  the  general  public  ijuterest.  There  is  at  present 
in  the  river  from  Flathead  Lake  down  to  Pasco  a  flow  greatly  in 
excess  of  any  actual  diversions  and  so  far  as  the  Clark  Fork  below 
Albany  Falls  and  the  Columbia  iU^er  bdow  the  iateraiationiU  bound- 
ary are  concerned  this  condition  will  always  exist. 

48.  There  is  large  potential  irrigation  expansion  hi  all  these  States 
traversed  by  the  Columbia  River  system  above  Pasco,  as  is  shown 
in  Appendices  B,  C,  and  D.  No  protest  has  been  made  to  this 
board  by  any  mterests  with  which  resultant  stream  depletion  might 
interfere^  except  as  regards  ihe  one  large  proposed  irrjlgation  divw* 
sion  which  might  materially  affect  stream  flow,  viz,  that  proposed 
for  the  irrigation  of  the  Columbia  Basin. 

49.  £vm  in  tJiis  case^  the  objection  is  umed  not  at  the  right 
to  withdraw  the  required  water  from  the  stream,  which  is  not  ques- 
tioned in  view  of  the  large  benefits  which  would  ultimately  be  derived 
from  such  irrigation,  but  is  directed  solely  to  the  location  of  the 
diversion  point  which  might  be  selected. 

50.  Two  poults  of  diversion  have  been  proposed,  one  on  the  Clark 
Fork  just  above  Albany  Falls,  by  gravity,  and  one  on  the  Columbia 
River  near  the  head  of  Grand  Coulee,  by  pumping  (see  PI.  5). 
The  selection  between  these  two  points  will  have  a  grave  effect  upon 
power  possibilities,  especiidly  on  the  Clark  Fork  below  Albany  Falls, 
both  in  Washington  and  British  Columbia.  Power  interests,  while 
conceding  paramount  rights  to  the  Columbia  Basin  project,  hold  that 
tiliey  should  not  be  injured  unnecessarily. 

51.  This  feature  of  the  conflict  runs  not  only  to  the  diversion  of 
the  natural  streamflow,  but  is  closely  interwoven  with  the  important 
subject  of  the  use  of  storage  for  stream  regulation  necessary  alite 
for  Columbia  Basin  irrigation  if  by  gravity  and  for  the  full  develop- 
ment of  power  resources. 

52.  The  board  has  studied  both  the  Columbia  Basui  gravity 
project  with  diversion  at  Albany  Falls  on  the  Clark  Fork,  and  the 
pumping  project  with  a  power  dam  near  the  head  of  Grand  Coulee. 
Ccmstructioikid  and  engineering  problems  for  dither  project,  although 
difficult  and  conjiplex,  can  be  satisfactorily  solved, 

53.  For  present  purposes  it  has  not  been  deemed  necessary  or 
practicaUe  to  dedde  on  tlM  immediate  feasibility  of  the  project. 
Such  a  decision  would  involve  far  greater  study  of  essential  elements 
than  this  board  has  been  able  to  make,  notably  of  the  prospective 
rates  of  land  settlement,  and  would  also  require  more  dep^dable 
estimates  of  cost  of  both  the  gravity  and  the  pumping  plan.  It 
seems  certain,  however,  that  sooner  or  later  with  growing  population 
and  demands  for  faim  products  and  with  improyed  methods  of 
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consimction^  a  proper  lialAiiee  w31  be  reaped  between  total  eost  and 
Talue  created.  The  economic  possibilities  of  a  Columbia  Basin 
fooject  are  so  great,  as  compared  with  any  other  use  which  can  be 
mad«  of  the  wetter,  tha^  no  claitte  to  water  fcKr  power  purposes  i^oidd 

be  permitted  to  grow  up  which  will  interfere  with  their  realization, 
so  far  AS  any  aetion  by  the  Federal  Power  Commission  is  concerned. 
The  objeet  to  be  h^d  in  view,  therefcyre,  is  to  f«silitate  Oehunbim 
Basin  reclamation  without  unnecessarily  injuring  oflier  interests. 

54.  Tile  future  requirements  of  the  Columbia  Basin  project  were 
studied  first  on  the  basis  of  t&e  published  report  of  1920  of  the  Colum- 
bia Basin  commission.  The  State  has,  however,  amended  its  figures 
as_to  estimated  seasonal  irrigation  requirements  (see  Appendix  D), 
comparative  figures  being  shown  in  the  following  tabulation^  based 
on  an  irrigation  project  containing  1,753,000  acres: 

GrQ%%  diversion  requirements. 


Month. 


April  

May  

June  

July  

August  

Septembsr. 
October. 


Total. 


Columbia  Basin 
Conunission,  1920. 

Present  estimate  pre- 
sented by  the  State. 

Differ- 
ence 

Second- 
feet. 

Acra-iBet. 

Second- 
leet. 

(acre- 
feet). 

8,000 
15, 100 
16,700 
18,900 
20,600 
14,400 

8,600 

476,000 
928,000 
995,000 
1,161,000 
1,270,000 
858,000 
530,000. 

9,400 
18,700 
19,400 
18,700 
17,700 
11,500 

7,100 

561,000 
1,152,000 
1,152,000 
1,152,000 
1,090,000 
685,000 
436,000 

+85,000 
+224,000 
+  157,000 
-9,000 
-180,000 
-167,000 
1  -94,000 

6,218,000 

6,228,000 

1 

1 

55.  The  requirem^ts  aii&t  July  1  and  coasequeally  during  the 

usual  season  of  storage  release,  aggregate  450,000  acre-feet  less  as 
now  suggested  by  the  State  than  the  amount  estimated  in  the  com- 
mission's report.  Adoption  of  this  new  schedule  implies  a  reduetion 
to  the  above  extent  of  the  estimated  needs  of  storage. 

56.  An  independent  estimate  made  by  some  of  the  membei-s  of  this 
board  would  provide  an  average  of  imd^ies  instead  of  an  av^age  oi 
33  inches  net  on  the  land.  On  the  other  hand,  it  takes  cognizance  of 
the  grep,t  possibilities  of  using  return  flow  both  by  gravity  and  low 
lift  pumping  and  of  the  possibility  that  some  acsreage  farthest  away 
from  the  source  of  water  supply  m&y  be  more  cheaply  served  from 
nearer  sources.  Such  estimate  leads  to  demands  after  July  1  com- 
parable to  the  reduced  ^gwm  aftw  tl]^  date  now  submitted  by  the 
State. 

57.  Remaining  differences  of  consecj^uence  refer  to  a  reduction  of 
earlier  irrigation  demands  rather  than  an  increase,  but  as  the  earher 
period  i^  one  of  usually  abundant  stream  flow,  these  differences  may  be 
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for  the  present  disregarded,  and  hydrographic  studies  have  tiiico^loTe 
been  based  on  the  new  State  schedule. 

58.  In  these  studies  deductions  have  been  made  from  past  river 
flow  which  may  result  in  future  from  complete  irrigation  ecq^ansicm 
in  Montana  and  Idaho,  as  estimated  by  the  respective  State  repre- 
sentatives, and  as  shown  in  Ajpp^idices  B  and  C.  The  total  storage 
required  to  satisfy  ^e  demands  of  the  Columbia  Baain  graviljr 
project  are  on  this  basis  estimated  as  follows: 


1M». 

1904 
1905 
1906 

1907 
190S 

1909 

mo 

1911 

1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 


.1  cr^-ffft, 
t>49. 000 
l,r)K4,000 
2. 195. 000 
2. 1S,5,000 
160,000 
l.09S,000 
9f>.5,000 
1,914,000 
1.226,000 
649,000 
846,tt00 
1,568,000 
1,124,000 
21,000 
l,O«flCO00 
l,5a5.0O0 
2, 787,000 
1,080,000 


A  cre-feet, 
1.005,000 
1,451,000 
2, 389,000 
2.08:3,000 

225,000 
1,011,000 
1.132, 000 
2.091,000 
1.211,000 

S22. 000 

828,000 
J, 389, 000 
1,162,000 
50,000 

463,000 
1.389,000 
2,  706,000 
1,165,000 
1,515,000 


m 


A  cre-feet^ 
1,118.000 
1,830,000 
2,603.000 
2,.56i;000 

349,000 
1,415,000 
1.388,000 
2.310,000 
1,461,000 

823,001^ 
1,113,000 
1,605,000 
1^962,000 
78,000 
1,508,000 
I.678,(H)0 
3,:i60,000 
1,348,000 
2,051,000 


59.  The  estimates  in  coluinns  I  and  II  are  predicated  on  Fend  Oreille 

Lake  storage,  1,750,000  acre-feet,  and  Priest  Lake  storage,  600,000 
acre-feet  being  used  to  satisfy  the  demands  of  the  Columbia  Basin 
gravity  project.  C!olunin  I  is  based  on  out^ow  eanditions  from 
Flathead  Lake  as  they  exist  naturally,  and  column  II  on  future 
conditions  if  Flathead  Lake  storage  of  1,600,000  acre-feet  is  con- 
tioUed  for  the  benefit  of  Flathead  River  power  to  be  referred  to 
in  detail  hereafter.  Column  III  shows  the  storag(*  figured  to  be  re^ 
quired  by  the  Columbia  Basin  gravity  project  in  case  it  depends 
solely  on  Flathead  and  Pend  Oreille  storage^  as  proposed  by  the 
commission,  both  being  handled  for  the  direct  benefit  of  the  project. 
Maintenance  of  7,000  second-feet  flow  past  Newport  is  assumed  in 
colunms  II  and  III,  which  are  predicated  on  me  of  Flathead  Lake. 

60.  It  will  be  seen  that  1919  is  the  critical  year.  With  Flathead 
Lake  yielding  natural  storage  as  in  the  past,  the  required  storage 
is  2,797,000  acre-feet,  as.  shown  in  column  I,  and  with  the  lake 
controlled  for  ])0wer  as  under  column  II,  this  storage  is  2,706,000 
acre-feet.  If  the  storage  capacity  in  the  lower  lakes  is  2,350,000 
acre-feet,  as  was  assumed,  thera  would  be  a  shortage  of  356,000 
acre-feet,  with  Flathead  controlled  for  power.  This  shortage  is 
equivalent  to  about  10  per  cent  of  the  seasonal  needs  after  July  1, 
and  being  the  only  appreeiaUe  shortage  in  the  entire  cycle  of  19 
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years,  it  is  of  Ho  serious'  ecoisequ^tice*   Heaenrair  and  flow  eondi* 

tions  for  the  critical  cycle  are  shown  on  Plate  6. 
-..61«  In  these  studies  allowance  has  been  made  for  stream  depletion 
due  to  future  irrigation  «xpaaie»on  in  Idaho  ami  Montana^^and  some 
minor  corrections  for  stream  flow  have  been  introduced. 
4. '42*  Thus  it  is  found  (see  column  III,  section  58)  that  in  1919 
there  woiild'have  been  required,  il  Pend  Onalle  ai^  Flathead  Lakes 
were  given  over  to  the  use  of  the  Columbia  Basm  gravity  project 
ad  proposed  by  the  conamission,  a  storage  of  3,360,000  acre-feet, 
which  is  greats  than  *he  2,686,000  a€fe4eet  provided  by  Oie  com- 
mission, but  is  about  equal  to  the  amount  assumed  as  permissible 
by  this  board,  to  wit,  1,600,000  acre-feet  for  Flathead  and  1,750,000 
acre-feet  for  Pend  Oreille.  '  * 

63.  The  effect  upon  the  Colum])ia  Basin  gravity  project  of  assign- 
ing Fend  Oreille  and  Priest  Lakes  to  the  use  of  this  project  and 
Hathead  Lake  to  the  use  of  power  m  Mentor  and  Idaho,  woidd 
be  to  leave  in  a  period  of  nineteen  years  a  relatively  unimportant 
iff^ation  shortage  during  a  smgle  year.  This  leads  to  the  conclu- 
sion that  such  project  does  not  need  dixect  eontvoi  ovw  Flathead 
Lake.  The  effect  upon  power  of  this  plan  is  discussed  later.  The 
mediod  of  storage  regulation  together  with  power  demands  on  the 
Flathead  River,  irrigation  demaildft  a*  Albany  Falls,  and  power  end 
irrigation  shortages  are  shown  for  the  critical  cycle  1918-1920  in 
Pl«te6» 

64.  The  above  refers  excluMvely  to  the  gravity  method  of  suppl^^ 

ing  CJolumbia  Basin.  The  Columbia  River  approaches  closely  to 
tibencffthem  edge  of  the  irrigable  lands  at  the  point  where  it  passes 
the  head  of  Grand  Coulee.  At  this  point  rock  exposores  ^n  both 
sides  of  the  river  indicate  that  a  suitable  site  might  exist  for  a  high 
inaaoniT^  dam  whi«ii  would  n&ord  power  for  pumping  river  water 
from  the  raised  dam  pon4  into  the  Coulee. 

65.  The  total  lift  from  river  to  Coulee  is  about  630  feet,  and  a 
dim  <200  feet  high  wonld  leave  a  remaining  height  of  430  feet  as 
pump  lift.  Such  height  of  lift  will  at  fiwt  sight  seem  mipracticable 
for  the  purpose  of  irrigation  and  certain  to  result  in  excessive  cost. 
This  impressiOtt  would  result  logically  from  the  fact  that,  under 
conditions  compelling  the  use  of  fud  engines  or  tran^itted  power 
from  commercial  plants,  lifts  of  75  and  100  feet  have  been  regarded 
ae  the  usual  eeoiiomieal  limit,  although  plants  lifting  water  over 
200  feet  under  these  conditions  are  in  successful  operation  in  CSali- 
fomia. 

66.  It  was  realized,  however,  that  with  abundant  seasonal  power 
available  at  the  pumping  plant,  with  the  large  volume  of  water 
to  be  pumped  and  the  consequent  great  size  of  units  which  could 
be  employed,  imusual  conditions  exist  which  would  at  least  justify 
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a  study.  Such  study  was  made  in  1920  by  the  Columbia  Basin 
commission. 

The  d^th  of  bedrock  across  the  valley  was  at  Ibat  time  un- 
known. The  commission  made  an  estimate  of  cost  which  showed 
an  acre  cost  of  a  pumping  project  5  per  cent  higher  than  of  a 
gmyity  project.  A  Federal  board  of  review  was  of  the  opinion 
that  upon  further  investigation  a  pumped  supply  might  be  found 
both  chea|>w  and  more  free  from  dang^  of  interruption  than  a 
^aviiy  supply,  and  suggested  Iot  the  h&M&i  oi  the  State  of  Wash« 
ington  that  for  the  purpose  of  taking  stock  of  its  natural  resoiu'ces 
it  appropriate  $50,000  principally  to  ascertain  the  position  and 
diaracter  of  bedrock  ai  Grmd  Coalee>  and  partly  to  mdke  adctitional 
examinations  and  studies  to  permit  a  reasonable  compttiison  of  the 
two  methods  of  project  supply. 

68.  Part  ol  such  study  has  been  made  for  tiie  State  by  Mr.  W.  T. 
Batcheller,  and  the  Grand  Coulee  Dam  foundation  has  been  explored 
by  14  diamond-drill  borings.  These  borings  have  shown  that  an  ex« 
c^ent  quality  of  gramte  continues  mabfoken  from  eocposure  on  the 
left  to  exposure  on  the  right  side  of  the  river  valley,  and  that  its 
elevation  under  the  river  is  at  much  less  depth  than  was  assumed 
by  the  comniission*  Rock  was  found  at  30  feet  bdiow  low  water 
in  the  river  on  an  almost  level  plane  2,500  feet  wide  with  only  one 
marked  depression  of  small  ^tent,  this  plane  connecting  with 
granite  rock  slopes,  rising  at  the  rate  of  1  vertical  to  2.34  hoiisonlal 
on  the  right  bank,  and  of  1  vertical  to  1.40  horizontal  on  the  left 
bank.  The  rock  is  overlaid  with  clay  which  forma  the  liv^w  bed, 
and  on  this  clay  at  the  foot  ol  the  mountttn  slopes  rests  a  maM 
of  talus. 

69.  Conditions  for  dam  construction  may  be  regarded  as  un* 
usually  favorable  by  reas<»  of  exc^lent  foundation,  charaetor  of 

material  overlying  bedrock,  and  openness  of  site,  which  render  river 
diversion  during  construction  relatively  easy. 

70.  The  studies  made  for  the  State  by  Mr*  Batch^er  indicate 
clearly  the  practicability  of  power  and  pumping  machinery  of  the 
large  sizes  required  with  resultant  acre  cost  figures  which,  aft^ 
furihOT  study  and  revisiefi  may  compare  favcHntbly  with  tii«se  of 
the  gravity  project,  even  if  they  are  to  include  some  lai^e  items 
necessary  to  insure  safety  at  the  Grand  Coulee  Dam;  and  also  the 
cost  ol  locks  which,  according  to  preliminary  estimates  of  Colonel 
Schulz,  may  amount  to  about  $1.50  per  acre.  (See  Appendix  A.) 
These  studies  also  indicate  the  low  cost  at  which  all  year  commercial 
power  can  be  produced  at  the  dam  and  that,  with  a  growing  power 
markety  the  cost  of  irrigation  can  be  reduced  materially  through 
the  gradual  development  and  sale  of  this  power. 

71.  The  commission  found  in  1920,  that  while  1,753,000  acres 
could  be  irrigated  imder  a  gravity  canal,  only  1,403,000  acres  could 
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be  covered  by  a  Grand  Coulee  pump  canal.  Mr.  Batcheller  gave 
consideration  to  repumping  to  additional  lands  and  studied  pumping 
projects  with  total  areas  up  to  1,857,000  acres.  One  of  the  altw- 
natives  thus  considered  is  for  the  same  area  as  that  of  the  gravity 
project,  viz,  1,753,000  acres,  in  which  case  80  per  cent  of  the  limd 
would  come  under  a  primary  pump  canal  and  20  per  cent  mider  a 
high  canal  with  200  feet  secondary  lift.^  The  power  for  secondary 
pumping  is  to  be  transmitted  from  the  Grand  Coulee  Dam  over  a 
relatively  short  power  line. 

72.  Mr.  Batcheller  used  such  data  as  were  available  in  the  Columbia 
Basin  survey  office  to  make  a  paper  location  of  the  secondary  pump- 
ing plant  and  high  canal^  and  has  based  his  estimates  thereon.  It  has 
since  been  contended  that  such  canal  is  not  feasible  and  that  most 
of  the  land  under  it  is  not  irrigable.  *As  r^ards  the  first  contention, 
this  board  can  not  make  any  definite  statement  in  the  abs^ce  of  a 
survey.  So  far  as  its  inspection  in  the  field  is  concerned,  no  greater 
obstacles  were  noted  to  a  high  line  pump  canal  than  exist  along  the 
gravity  canal  in  this  section  of  the  project.  Only  a  survey  can  give 
positive  information  on  this  point. 

73.  As  to  the  quality  of  the  land,  if  projects  of  equal  size  are  con- 
sidered one  supplied  by  pumping  and  Uie  other  by  gravity,  the  350,000 
acres  of  land  in  regard  to  which  doubt  was  expressed  as  to  its  quality 
overlaps  about  300,000  acres  of  land  listed  as  irrigable  in  the  gravity 
project.  Of  the  character  of  the  remaining  50,000  acres  no  positive 
knowledge  is  at  hand  and  there  is  a  possibility  of  this  area  being  cut 
down  upon  careful  classification. 

74.  So  far  as  extmt  of  project  area  is  concemed  which  can  be  cov- 
ered by  gravity  and  by  pumping,  there  is  no  positive  evidence  that  the 
pumping  project  will  be  smaller  in  area,  and  as  it  will  make  low  cost 
power  available  for  pumping  to  areas  of  excellent  iMid  lying  above 
the  primary  pump  canals  in  various  parts  of  the  project,  it  may  in 
fact  be  larger.  Only  additional  studies  and  further  surveys  can  de* 
termine  this  question.  As  to  cost,  Mr.  Batcheller  has  submitted  acre- 
cost  figures  for  numerous  alternatives.  The  bulk  of  the  project  area 
and  distribution  system  is  identical  and  was  estimated  by  him  at  the 
same  cost  as  was  figured  in  the  commission's  1920  report.  As  to  the 
remainder,  it  was  unavoidable  that  large  uncertainties  should  also 
exist.  So  far  as  his  cost  figures  show,  the  acre  cost  of  a  pumping  pioj- 
ect  is  found  to  be  lower  than  that  of  a  gravity  project,  which  is  in 
harmony  with  the  findings  of  the  commission's  report  when  due  allow- 
ance is  made  for  the  more  favorable  conditions  at  the  Grand  Coulee 
Dtaxk  site  than  thc^  assumed  in  tl^  cost  estimates. 

75.  The  flow  required  in  the  Columbia  River  consists  of  the  amount 
of  water  to  be  diverted  for  irrigation  and  several  times  this  amount 


1  Note  by  the  Comiuission:  A  relift  above  the  secondary  lift  would  probably  be  required  in  order  to 
cover  the  same  am  as  the  gravity  project. 
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needed  for  producing  power  for  primary  and  secondary  pumpii^. 
The  total  clearly  depmds  upon  the  height  of  the  Columbia  River  ^9jxi^ 
which  governs  both  tlio  power  available  and  the  primary  pump  lift. 

76.  The  height  of  the  dam  may  be  figured  on  the  basis  of  furnishing 
jusit  sufficient  power  during  the  irrigation  season  to  do  the  needed 
pumping,  either  Avith  or  without  the  aid  of  storage.  In  the  latter 
case  the  height  would  be  156  feet  above  extreme  low  water  (938), 
with  unimportant  shortage  in  an  occasional  cold  April,  and  in  the 
former  case  it  would  be  considerably  lower. 

77.  The  river  profile  (see  PI.  8)  shows  that  the  dam  may  be  t)uilt 
to  raise  the  water  about  200  feet  and  possibly  more  without  inter- 
fering with  the  proposed  development  at  Kettle  Falls,  and  that  if  built 
to  a  permanent  height  of  only  156  feet,  a  waste  of  power  resources  will 
undoubtedly  ensue  which  it  is  important  to  avoid.  This  matter  will 
be  dealt  with  in  detail  under  the  head  of  ''Power." 

78.  Mr.  Batcheller,  in  calculating  relative  cost  of  dam  and  of  pump- 
ing machinery,  found  that  there  was  a  distinct  tendency  of  a^r^ate 
costs  to  balance,  and  that  the  increase  in  the  cost  of  a  higher  dam  will 
be  largely  offset  by  a  reduction  in  the  cost  of  machinery.  If  the  Fed- 
eral Power  Commission  should  exact  the  condition  of  full  height  of 
dam  in  granting  a  permit  for  a  Grand  Coulee  Dam,  it  is  believed  this 
requirement  could  not  be  seriously  questioned  by  the  proponents  of 
the  Columbia  Basin  pumping  project. 

79.  Studios  made  by  this  board  of  Columbia  River  flow  required  at 
Grand  Coulee  Dam,  besides  being  based  on  a  project  area  the  same  as 
that  for  the  gravity  project,  also  assumed  an  identical  seasonal  supply 
schedule.  For  a  dam  with  overflow  crest  at  elevation  1,138,  giving 
effective  lieads  on  turbines  normally  ranging  from  198  feet  in  winter 
to  182  feet  in  summer,  the  required  river  flow  was  determined  as 
follows : 


April  

iSy  

June  

July  

Atlgust....  

September.-.-,, 
October  


Irriga- 
tion 
supply. 


3 


1.000 

9.4 
18.8 
19.4 
18.8 
^  17.8 
11.5 

7.1 


Turbine  pumping 
power. 


Gross 
pump- 


Feet. 
432 
432 
432 
432 

'  432 
432 


Pri- 

mary 
at  77.7 
per 
cent 
effi- 
otoucjf. 


Sec- 
ondary 
at  72.2 
per 
cent 
effi- 
clBiicy. 


ToUI. 


Head 

on  tur- 
bines. 


8 


1,000  Ilorsepotrer. 


593 
1,188 
1,225 
1.188 
1,124 
727 
448 


59 
118 
122 
118 
112 
72 
.45 


652 
1,306 
1,347 
1,306 
1,236 
799 
493 


Feet. 
192 
186 
184 
183 
182 
186 
191 


Water 

for 
power 

for 
pump- 
ini;  at 
90  per 
cent 
effi- 
eiaiiey* 


1.000 
sec. -ft. 
35.2 
68.8 
71.4 
69.7 
66.4 
42.0 
25.2 


Total 

re- 
quired 
flow 

for 
irriga- 
tion. 


10 


11 


Lowest  flow 
siDoeOet.l,19U. 


Amount, 


1,000 
sec.-ft, 
42.6 
87.6 
90.8 
88.5 
84. 2 
53.5 
32.3 


IflOO 
sec.-ft. 
46.2 
116.3 
214.4 
227.1 
.  142.2 
85.2 
53.5 


Year. 


1920 
1100 
1920 
1919 

m4 

1921 
1910 


80.  In  column  10  of  the  above  table  is  giv«i  the  minimum  flow  for 
each  month  since  October  1,  1913,  amended  for  full  Montana  and 
Idaho  irrigation  expansion  and  for  Flathead  Lake  power  control.  It 
wfll  be  noted  that  there  is  at  all  times  sufficient  water  in  the  stream 
to  give  a  100  per  cent  irrigation  supply. 

81.  The  cycle  1913-1921  is  a  rdatively  low  one,  as  r^ards  ron-olF. 
Comparison  at  The  Dalles  shows  that  the  average  flow  for  the  period 
1879-1921  was  209,400  second-feet,  while  that  for  the  period  1913- 
192X  was  193,200  second-feet,  or  about  8  per  cent  less.  In  order  to 
obtain  some  further  perspective  view  on  sufficiency  of  flow  at  Grand 
Coulee,  an  estimate  was  made  of  such  flow  covering  the  entii-e  cycle, 
by  proportioning  from  The  Dalles  flow  for  the  earlier  period.  The 
results  for  the  lowest  years  prior  to  1913  may  be  compared  in  the  table 
below,  with  Grand  Coulee  irrigation  requirements. 

[t^  seo(md4Mt  unit.] 


Required 
at  Grand 
Coulee  for 
inigBtion. 


April. 
May. 


June  

July  

August  

Si^ptember 
October. . . 


42.6 

S7.6 
90.8 
88.  .5 
84.2 
Si.  a 
32.3 


Bstimated  tow  at  Giand 
Coulee. 


UN 


50 

136 
168 

m 
m 

79 
5» 


lf05 


32 
113 
230 
194 

m 

79 


n 

154 
220 
221 
140 
93 
63 


82.  The  above  table  shows  that  for  the  earUer,  as  well  as  the  late 
years  of  the  cycle  1879-1921,  there  was  always  an  ample  flow  at 
Grand  Coulee  for  the  irrigation  power  and  diversion  requirements  of 
a  Columbia  Basin  pumping  project.  It  should  be  stated  in  this  con- 
nection, that  in  the  calculation  efliciency  figures  of  machinery  w«*e 
used  as  given  in  the  Batcheller  studies,  based  upon  weeks  of  personal 
conference  with  the  engineers  of  one  of  the  largest  and  ablest  manu- 
facturers of  such  machinery  in  the  United  States. 

83.  It  is  apparent  from  tlio  above  that  a  Columbia  Basin  project  can 
be  supplied  from  the  Columbia  River  at  Grand  Coulee  without  the 
aid  of  any  storage,  even  after  all  stream  depletion  to  be  expected 
from  upper  irrigation,  as  well  as  Flathead  storage  control  for  Flat- 
head power,  are  called  for. 

84.  It  is  further  eyident  that  the  summer  excess  flow,  in  conjunc- 
tion with  the  winter  flow,  will  afford  large  possibilities  for  the  develop- 
ment of  all-year  commercial  power,  and  tliat  this  power  can  lie  mate- 
rially increased  by  the  aid  (d  storage.  If  a  large  demand  f<»* 
power  should  develop  from  industrial  centers,  warranting  the  o<wi- 
struction  of  power  trunk  lines,  or  from  industries  established  near 
the  »te  dependent  on  abundance  of  low  cost  pow^,  it  epuld  be 
satisfied  by  the  progressive  installation  of  generating  machin^. 
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85.  The  deyelopmeiit  of  such  power  may  be  coordinated  with  the 
settlement  of  irrigable  lands  and  the  expense  of  storage  need  not  be 

incm-red  until  the  combined  demands  of  both  exceed  the  unregu- 
lated riv^  flew. 

86.  The  amount  of  power  which  can  tibius  be  developed  is  discussed 

under  the  head  of  "Power."  It  may  be  stated  here  that  at  Grand 
Coulee  alone  the  all-year  available  power,  with  Pend  Oreille  and 
Priest  Lakes  used  for  Columbia  Basin  gravity  project  storage  is  esti- 
mated at  640,000  effective  horsepower,  while  with  the  lakes  used  for 
power  GQ&nection  with  a  Cohimbia  Basin  pumping  project,  this  all- 
year  power  is  665,000  effective  horsepower  (see  PI.  7).  The  latter 
power  is  additional  to  the  seasonal  power  required  for  Columbia  Basm 
pumping,  and  is  figured  on  the  basis  of  nominal  flow  subject  to 
certain  shortages.  These  shortages  during  ike  cycle  1913-1921 
would  have  occurred  in  the  winter  season  of  1919-20,  except  as  to 
additional  shortage  in  October,  1915,  April,  1917,  October,  1919, 
and  April,  1920,  when  they  could  have  been  held  down  to  less  than  20 
.per  cent,  and  in  October,  1915,  to  less  than  10  per  cent,  if  the  general 
shortage  had  been  partly  assumed  by  the  irrigation  side  of  power, 
which  for  months  like  April  in  years  of  late  spring,  and  in  October, 
is  assumed  to  be  permissible. 

87.  It  has  been  argued  as  an  objectionable  feature  of  the  pumping 
plan  of  Columbia  Basin  ii-rigation  that  the  seasonal  power  used  for 
irrigation  pumping  varying  throughout  the  season  as  per  column  6 
in  table,  section  79,  from  about  500,000  to  1,350,000  turbme  horse- 
power would  be  permanently  lost  to  industrial  purposes. 

§8.  The  argimient,  so  far  as  it  refers  to  the  necessity  of  considering 
the  effect  on  power  possibiUties  in  judging  the  merits  and  demerits 
of  the  two  different  methods  of  irrigating  Columbia  Basm  from  a 
public  standpoint  is  correct,  but  it  fails  to  take  into  account  the  de- 
structive effect  of  a  Columbia  Basin  gravity  project  on  all-year  power 
not  only  at  Grand  Coulee,  but  also  at  all  other  future  power  plants 
below  Albany  Falls,  which  effect  will  be  more  fully  considered  under 
the  head  of  ''Power."  As  to  the  power  intended  for  irrigation 
pumping^  it  should  be  clearly  understood  that  this  is  to  be  derived 
from  the  stream  during  the  irrigatiiai  season,  when  flow  is  high  as 
compared  with  winter  flow.  The  nominal  flow  of  the  Columbia 
River  is  dependent  upon  the  low  winter  flow.  The  surplus  or  second- 
ary power  which  is  available  principally  during  the  irrigation  season, 
will  probably  have  material  value  only  for  irrigation  pumf^ng,  and 
would  under  the  pumping  project  be  so  used  for  the  supply  of  the  only 
large  body  of  good  agricultural  land  which  can  absorb  this  power. 
A  large  amount  of  seasonal  surplus  power  is  likely  to  be  available 
at  other  sites,  for  all  of  which  it  will  be  difficult  to  find  a  satisfactory 
market  because  of  scarcity  of  land  under  a  lift  which  can  be  econom- 
ically eonsideied  in  €<»meotioin  with  commercial  power  transmitted 
from  private  p^'^ts. 
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89.  A  Columbia  Basin  pum})ino:  project  may  benefit  greatly  from 
the  all-year  power  possibilities  at  the  Grand  Coulee  site.  It  may  be 
found  ^at  the  value  of  this  power  m  relation  to  its  incidental  cost 
will  become  sufficiently  great  to  materially  reduce  the  net  cost  o^ 
irrigation  and  to  bring  the  entire  project  withm  the  limit  of  econom- 
ical feasibility  sooner  by  many  years  than  might  be  the  case  with 
the  gravity  project. 

90.  As  to  needs  of  storage  it  is  concluded  that  a  Columbia  Basin 
gravity  project  requires  Pend  Oreille  and  Priest  hake  stori^ 
amounting,  respectively,  to  1,750,000  and  600,000  acre-feet,  and 
that  a  Columbia  Basin  pumping  project  need  in  itself  requii'e  no 
storage,  but  may  be  benefited  by  regulation  from  storage,  if  power 
development  is  made  a  part  of  the  irngation  project. 

POWEB* 

91.  The  prohle  of  the  river  from  Flathead  Lake  down  to  Pasco  is 
shown  on  Plate  8.    The  av^ri^e  annual  flow,  the  vertical  drop,  and 

the  potential  theoretical  power  for  various  stretches  of  the  river 
have  been  roughly  hgured  with  the  following  results: 


stream. 


Flathead  Kiver 
Qark  Foric  

Do  


Location. 


/Poison  to 

\Mouth  of  Flathead  River... . 
/MoTith  of  Flathead  River  to 

\Lake  Pend  Oreille  

( Lake  Pend  Oreille  to 

\  International  boundary  

!/lntemational  boundary  to 
^   |\ Mouth  of  Clark  Fork  

Coiumbia  Biver-  ^^^'^  ^""^^  *° 


Average 
annual 
flow, 
October, 
1913,  to 
Septem- 
ber, 1921. 

Vertical 
drop. 

Potential 
theoreticaL 

1  U,200 

420 

s^m 

}  20,600 

410 

968,000' 

1  27,600 

320 

1,003,000 

1  27,600 

40(^ 

1,254,000 

}  115,000 

1,017 

1S,40S,000 

2,507 

17,1%00Q 

92.  The  power  which  it  will  be  practicable  and  economical  to 
develop  is  vasUy  less.  Estimates  of  such  power  must  be  based  upon 
the  river  flaw  available  for  the  greater  part  of  the  time^  For  purposes 
of  consistent  comparison  the  nominal  stream  flow  will  be  used,  such 
as  is  available  either  under  unregulated  or  regulate  stream  flow  for 
90  per  cent  of  the  time. 

93.  Only  a  portion  of  the  total  head  can  be  utilized.  From  various 
sources  this  board  has  estimated  usable  head  as  follows: 

Report  to  United  States  Geological  Survey  of  La  Rue,  1913,  Flathead  River,  3  Feet. 

dams   303 

Report  to  United  States  Forest  Service  of  Kramer,  1921,  Clark  Fork  from  mouth 
of  Flathead  E^iver  to  Lake  Pend  OnaiUe: 

3  daxQsin  Montana..  *   14^ 

1  dam  in  Idaho   77 
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Hugh  L.  Cooper  application,  Clark  Fwk  Laka  Pend  QreiUe,  to  iat^matiOEial  ^^'^^ 

boundary,  1  dam  at  Z  Canyon   2^ 

Water  x>owers  of  British  Columbia,  commission  of  conservation,  Canada,  1919, 

Clark  Fork  through  British  Columbia,  3  dams   265 

ApiAicatixm  of  Waddngtcm  Water  Poww  Co.,  Goiumlna  Rivw,  Kettle  Falfe,  1 

cboa. «   :  —   ^   75 

United  States  Army  profile,  Columbia  River,  Grand  Coulee,  Idam   198 

Apfdication  of  Washington  Irrigation  &  Development  Co.,  Columbia  River, 

Priest  Rapids,  1  dam   90 

Total  usable  head,  54  per  cent  of  gross  head,  or  1, 398 

94.  The  above  dams  are  shown  on  the  river  profile,  Plate  S.  It 
will  be  seen  tiiat  the  drop  in  the  Columbia  fiiFer  of  o^er  400  feet 
between  Grand  Coulee  and  Priest  Rapids  is  assumed  as  not  available 
for  power.  This  is  simply  because  it  is  not  known  that  dam  sites 
exist  between  these  two  points*  Should  there  be  a  favorable  site 
at  Foster  Creek,  60  miles  below  Grand  Coulee,  an  additional  head  of 
150  feet  may  become  usable,  or  should  the  site  at  Box  Canyon,  40 
miles  below  Grand  Coulee,  prove  f  ea^le  a  dam  at  this  point  mi^^t  be 
built  to  a  height  of  300  feet  as  compared  with  200  feet  at  Grand 
Coulee,  leaving  the  pump  lift  unchanged  and  increasing  commercial 
power  50  per  cent.  These  possibilities  would  greaUy  increase  estir 
mates  of  available  Columbia  River  power  and  would,  as  will  be  later 
noted,  add  weight  to  the  arguments  upon  which  deductions  as  to  most 
beneficial  control  of  storage  are  based. 

95.  A  further  reduction  in  the  estimates  of  feasible  potential  power 
as  compared  with  theoretical  power  results  from  the  imperfection  of 
machinery.  The  efficiency  of  turbines  varies  with  the  head  and  in  the 
following  estimates  arbiiaary  percentages  are  assumed  for  the  over-aU 
efficiency  of  turbines  and  generators,  dependent  upon  the  average 
head  on  the  turbines  at  the  dam  sites  on  each  successive  river  stretdi. 

96.  On  the  basis  of  measured  ^tst  flow  tibe  estimate  is  as  follows: 


stream. 


Ilathead  River. . 
Clark  Fork- 
No.  1.... 


,  No.2  

No.  4  

Columbia  River: 
No.l  

No,  2...'  




Total. 


Location. 


/PolMltO 

iMonth  of  Flathead  Biver. 


of  Flathead  River  to 

Maho  Ime  

Idaho  line  to 

Lake  Pend  Oreille  

/Lake  Pend  Oreille  to 
Xlnt^naticmal  boundary  

{Interaational  boundary  to 
Mouth  of  Clark  Fork  


/Mouth  ofClarkFoHtto 
\Foot  of  Kettle  Falls. . . . 

iFoot  of  Kettle  Falls  to 
Grand  Coulee  
Grand  Coulee  to 
Foot  of  Priest  Rapids. . 


Nominal 
flow 

1913- 
1920. 

Head 
available 

at  dam 
site. 

Assumed 
ovOT-all 

effi- 
ciency. 

Electric 
horse- 
power* 

Second - 
feet 

1  2,500 

Fett 
303 

80 

60,000 

1  6,300 

140 

75 

75,000 

77 

75 

43,000 

} 

250 

28at,000 

J  9,700 

265 

80 

234,000 

1  26,000 

75 

75 

166,000 

1  32,000 

198 

85 

612,000 

}  36,000 

98 

m 

m,m 

1,72^000 
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97.  The  total  power  as  figured  above  on  the  basis  of  natural  river 
flow  is  one-tenth  the  theoretical  power  available  in  the  stream  for  the 

period  1913  to  1921.  This  estimate  can,  however,  be  raised  materially 
by  the  use  of  storage  for  stream  regulation. 

98.  The  use  of  Flathead  Lake  storage  for  power  if  1,600,000  acre- 
feet  of  controllable  storage  can  be  created,  will  permit  a  flow  to  be 
maintained  in  Flathead  River  during  a  cycle  like  ldl3  to  1921  at  all 
times  more  than  4,800  second-feet  and  for  98  per  cent  of  the  time 
more  than  6,000  second-feet.  Likewise,  such  use  of  Flathead  storage 
will  raise  the  flow  on  the  Clark  Fork  past  Plains  for  90  per  cent  of  the 
time  from  6,300  to  8,900  second-feet.  The  power  increase  resulting 
from  such  use  as  far  as  Pend  Oreille  Lake  is  shown  in  the  following 
comparision : 


With  Flathead  Lake  storage, 
1,600,000  acre-feet. 

Without 
storage, 

Increase 
due  to 
storage, 
electric 
horse- 
power. 

LoeaUcn. 

Xom- 
iaal 
flow 

Head 

at 
dams. 

Over- 
aU 
effi- 
ciency. 

Electric 
horse- 
power. 

electric 
horse- 
ponw. 

Flathead  River... 
Clailc  Fork  

/Person  to 

\ Mouth  of  Flathead  River.... 
Mouth  of  Flathead  Hiver  to 

Second- 
feet. 

1  6,000 
{  8,900 

Feet. 
303 

140 

Per 
cent. 
80 

75 

165,000 
106,000 

69,000 
75,000 

96,000 
31,000 

CUurkFork  

fldaholineto 

J  9,100 

77 

75 

59,000 

43,000 

16,000 

329,000 

1S7,000 

143,000 

99.  The  use  of  Flathead  Lake  for  power,  in  the  event  of  a  gravity 
supply  for  the  Columhia  Basin  project,  will  necessitate  this  project 
having  contrdl  of  Priest  Lake  as  well  as  Pend  Oreille  Lake.  Priest 
IjBike  might  be  used  instead  for  power  on  Priest  Jtiver  where  after 
storage  regulation  about  23,000  effective  horsepower  could  be  de- 
veloped. It  is  understood  that  permits  for  the  development  of  power 
on  Priest  River  and  Lake  were  at  one  time  granted  by  the  United 
States  Forest  Service  but  that  all  such  permits  have  since  been 
canceled. 

100.  Irrigation  use  of  Priest  Lake  in  lieu  of  Flathead  Lake  will 
prevent  this  power  development  and  the  gain  to  Montana  aiwl  Idaho 
power  will  be  143,000  effective  horsepower  as  ppr  previous  table, 
less  23,000  effective  horsepower  or  120,000  effective  horsepower. 
This  figure  is  probably  an  under^timate  because  it  represents 
merely  the  difference  between  potential  output  of  power  plants  with 
and  without  storage  control.  Some  of  the  smaller  plants  included 
in  the  above  estimate  are  likely  to  prove  uneconomical  without 
power  storage,  the  power  without  Flathead  storage  may  be  corre- 
spondingly reduced  and  the  figured  beneht  from  power  storage 
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estimated  above  at  120,000  effective  horsepower  would  be  in  the  same 
measure  increased.  It  is  also  probable  that  the  assuiiied  destroei- 
tion  of  23,000  Priest  River  hOTMp&m'  ifiay  fee  iteOre  apparent  than 
*eal,  as  a  series  of  small  power  plants  on  Priest  River  can  not  be 
placed  on  a  basis  of  financial  competition  with  the  huge  unit  plants 
which  are  siffe  to  be  ultunately  ooili^f^  <M  a^tk  Fork  m  the 
vicinity.  . 

101.  Storage  release  from  Flathead  Lake  for  power  ^  aJae 
benefit  Glark  Fork  power  below  Albahy  Fklfe  to  the  extent  that  the 
liatui-al  flow  increase  thereby  caused  is  not  retained  in  Pend  Oreille 
Lake  for  irrigation  storage,  as  more  fully  explained  later. 

102,  Flathead  Lake,  if  it  were  permittcid  to  He  tiised  for  a  Columbia 
Basin  gravity  project,  can  be  handled  so  as  to  give  maxunum  benefit 
to  Flathead  and  Clark  Fork  power.  It  has  been  claimed  that  such 
benefit  may  be  as  great  As  if  the  lake  w^W  Controlled  with  that 
sjlecial  object  in  view.  If  this  were  true  it  would  follow  equally 
that  Flathead  Lake  can  be  controlled  by  power  and  yet  yield  taak- 
ittitiln  bencffit  to  Ooldmbia  Basm  irrigation.  A  special  study  has 
beWn  made  of  this  subject  to  ascertain  whether  this  claim  is  vahd, 
and  it  was  found  that  shortages  at  Flathead  poWer  plants  with  thi 
two  methods  of  contrrf  based  on  1,600,000  acre-feet  Flathead  Lake 
stbrage  and  6,000  second-feet  flow  inbtallation  compare  as  follows 
durmg  the  cycle  1903-1921: 


Montli. 


December,  1905  

Jdatiary,  1906  '  

February,  1906  

March,  19Q6  ' • —  

January,  1907  ,  "   

February,  190T........;   •  

March,  1907  ' 

November,  1919  ' 

December,  191*.   ]  

Jtouary,  1920   

6Sl>eroabt; 

103.  The  above  figul*s  cleariy  show  that  the  claim  that  irrigation 
cotitrol  of  Flathead  storage  will  not  injure  potential  power  on  Flat- 
head River  can  not  be  sustained.  The  191»-20  shortage  of  20  per 
cent  for  five  months,  which  with  reasonably  full  use  of  resources  is 
unavoidable,  would  h^ve  been  increased  to  a  mean  of  03  per  cent  and 
,16029—23  i 


Power  shortage 


Columbia 
Basin 
gravity 
project. 


Flathaid 


Per  cent. 
38 
69 

10 
40 
31 
158 
^44 
164 
173 
176 


Per  cent, 
0 
0 

j 

0 
0 
0 

i 
s 
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additional  and  rexj  seiious  Portages  would  have  been  introduced 

during  the  earlier  part  of  the  cycle.  That  during  years  of  ordinary  • 
or  ^Kceasive  run-off  there  should  be  no  difference  due  to  the  special 
intereet  on  behalf  of  which  storage  water  is  collected  or  released,  is 
not  surprising.  The  primary  object  of  reservoirs  is  to  meet  the 
emergency  conditions  which  arise  in  unusually  dry  years.  It  is  clear 
that  at  sudi  times  Flathead  power  would  suffer  severely  if  Flathead 
Lake  is  controlled  for  Columbia  Basin  gravity  irrigation. 

104.  It  should  be  understood  that  Pend  Oreille  storage  for  a 
Columbia  Basin  gravity  project  during  times  of  storage  draft  is 
partly  dependent  on  an  outflow  from  Flathead  Lake  at  least  as  great 
as  that  which  would  have  taken  place  under  natural  conditions.  It 
is  upon  this  ba»s  that  suffi(»^cy  Fmd  Oreille  and  Priest  Lake 
storage  for  a  Columbia  Basin  gravity  project  has  been  found.  With 
fuUest  practicable  storage  development  in  Flathead  Lake  by  Flat- 
head power  interests,  this  condition  will  automatically  obtain. 
With  partial  development,  however,  this  may  not  be  the  case. 
Rights  given  to  Flathead  power  interests  in  Flathead  Lake  storage 
should,  therefore,  in  the  interest  of  a  Columbia  Basdn  gravity  proj- 
ect, be  made  subject  to  full  development  or  if  tWs  point  is  not 
reached  for  the  time  being,  to  the  requirement  that  at  least  natural 
Flathead  River  flow  must  be  maintained  during  tunes  of  Pend  Or^e 
storage  draft  if  required  by  such  project. 

105.  In  case  Columbia  Basin  could  be  shown  to  have  absolute 
need  of  Flathead  Lake,  the  importance  of  its  future  iiiigation  is 
so  great  as  to  outweigh  the  destructive  effect  on  power.  This, 
however,  is  not  the  case.  As  has  been  shown  a  Columbia  Basin 
gravity  project  with  Pend  OrMlle  and  Priest  Lake  storage  can  receive 
a  complete  supply  short  only  to  the  extent  of  10  per  cent  for  part 
of  one  irrigation  season  in  19  years,  while  a  pumping  project  can 
be  constmeted  so  that  no  storage  at  aU  will  be  required. 

106.  It  is  therefore  believed  to  be  to  the  best  interest  of  the  public 
that  Flathead  Lake  shall  be  reserved  for  the  ultimate  direct  benefit 
of  Flathead  power,  and  for  the  incidental  benefit  of  interests  below. 
All  interests  are  to  a  large  extent  interrelated.  It  is  possible  with- 
out jeopardizing  power  development  on  Flathead  to  vary  the  control 
of  storage  so  as  to  come  to  the  aid  of  interests  lower  down  on  the 
stream  during  times  of  emerg^cy,  and  it  is  obviously  advantageous 
to  the  public  that  such  control  shall  not  be  exercised  by  Flathead 
power  interests  alone.  Several  States  are  concerned  in  the  use  of 
ttaa  storage,  and  storage  control  at  aU  the  reservoirs  should  be  exer- 
cised by  an  impartial  agency  which  can  fully  and  equitably  regard 
all  interests  involved. 

107.  Release  of  Flathead  storage  for  Flathead  River  power  will 
have  a  deddedly  beneficial  effect  upon  Clark  Fork  power,  not  only 
above  Albany  Falls  but  also  below,  unless  retained  in  Pend  Oreille 
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Lake  for  irrigation.  Such  retention  should  be  broadly  permitted 
but  should  be  subject  to  proper  limitation. 

108.  Poww  devdopment  of  the  dark  Fork  below  Albany  Falls 
should  be  left  as  attractive  for  future  development  as  is  compatible 
with  the  interests  of  the  Columbia  Basin  project  if  built  on  the 
gravity  plan 'and  with  consequent  cooitodl  (rf  Pend  Qrdlle  and  Priest 
Lake  storage.  The  nominal  flow  at  "Z"  Canyon  under  past  condi- 
tions has  been  9,600  second-ieet  and  undw  the  gravity  diversioa 
p]m  of  the  Oohunbia  Basin  project  will  becmiie  unavoidably  reduced 
to  7,300  second-feet.  A  small  part  of  this  unavoidable  injury  may 
be  offset  by  benefit  if  part  of  Flathead  power  storage  release  be 
passedi  thiNNigh  Pend  OpnUe  Lake  instead  of  being  retained  therda 
for  irrigation. 

109.  The  natural  flow  has  at  times  fallen  far  below  7,300  second- 
feet.   During  the  period  1903*-ld2^1  inhere  was  one  mon1&  when 

the  mean  flow  dropped  to  5,500  second-feet,  during  one  week  it  fell 
to  3,010  second-feet,  and  during  one  day  it  was  only  2,500  second- 
feet  (December  12,  1919).  Extreme  low  flow  in  future  may  be  even 
smaller  by  reason  of  increased  winter  storage  for  additional  irriga- 
tion in  Montana  and  Idaho. 

110.  The  storage  control  as  contemplated  by  the  Columbia  Basin 
commission  would  have  been  such  as  to  produce  a  flow  during  the 
crucial  period  1919-20  no  greater  than  the  very  low  natural  flow. 
Under  the  allotm«it  of  ston^  control  as  hereui  suggested  it  would 
liave  been  possible  to  maintain  the  flow  past  Newport  at  a  minimum 
of  7,000  second-feet  during  the  trying  period  October,  1919,  to  Janu- 
ary, 192%  inclusive,  as  weU  as  during  the  balance  of  the  cycle  1903- 
1921. 

111.  The  usable  head  oq  the  Clark  Fork  below  Albany  Falls  is 
figured  as  250  feet  in  Washington  and  265  feet  m  British  Columbia. 
The  maintenance  of  a  flow  slightly  above  7,000  second-feet,  thereby 
nearly  doubUng  the  natural  flow  for  short  periods,  is  a  help  to  lower 
Clark  Fork  power  development  which  would  partially  off'set  the 
tlamage  which  these  power  interests  may  conceive  themselves  to 
have  suffered.  Such  help  is  urged  as  a  matter  not  of  legal  right 
but  of  pubhc  interest. 

11'2.  The  above  result  can  and  it  is  believed  should  be  secured 
after  establishment  of  sufficient  Flathead  power  storage,  by  limiting 
the  right  of  a  Columbia  Basin  gravity  project  to  storage  of  inflow 
from  above  in  excess  of  7,000  second-feet.  This  requirement  will 
not  consume  Pend  Oreille  irrigation  storage  but  will  prevent  its 
complete  accumulation  during  periods  of  extreme  low  water. 

113,  Power  on  Giask  Fork  b^w  Albany  Falls  would  thus  to  scwne 
extent  become  dependent  on  Flathead  power  storage  and  should  be 
granted  a  corresponding  interest  therein.   It  is  conceivable  that  " 
powier  developineat.at  "2,"  Canyon  may  precede  that  oa  Fkthead 
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River.  It  is  therefore  desirable  under  such  condition  and  should  the 
gravity  plan  of  Columbia  Bam  iitigatioii  be  adopted  to  pemit  ^^Z^' 
Canyon  interests  to  create  artificial  storage  for  their  own  benefit  at 
Flathead  Lake,  subject,  however,  to  the  condition  that  when  the 
dotnaEids  of  a  Columbia  Baain  project' may  eo  fequire^  WAter  be 
released  in  amount  at  least  equal  to  what  would  have  been  the  Flat- 
head Lake  natural  outflow  and  subject  further  to  ultimate  direct  con- 
trol prracipally  for  Flathead  p9«irer  i]i4»M«&ts^  wh^  iheim  interests  ar« 
prepared  to  develop  Flathead  Lake  to  the  full  practicable  extent. 

114.  In  the  event  the  Columbia  Basin  project  is  supplied  by  pump- 
ingy  P^d  O^Ue  and  Priest  litke  etota^  ^i^uld  be  nmd  ler  the  joint 
benefit  of  power  developments  below.  A  comparison  between  power 
possibilities  on  the  lower  Clark  Fork  and  the  Columbia  River  under 
oonditkm  of  either  ^vity  or  pmnping  sup^y  for  the  Columbia 
Basin  project  may  be  made  frdiSa  the  foU^ywing:  table:      ^ '  ^ 


Clark  Fork  No.  3.. 

Columbia  Kiver 

No.l. 

Cotambia  River 

No.  2. 

CohnnUa  River 

No.  3. 


Locatioa. 


Head 

at 
dam. 


DUEeNBce, 


ll^ake  Pend  Oreille  to 
ml^matioaal  boundary  , 
nntemational  boundary  i\ 
\tomouth  ofCIjirk  Fork..  / 
Mouth  of  Clark  Fork  to  i\ 

footof-Ket^FaOs  !/ 

Foot  of  Kettle  ftOs  to 

Grand  Coulee  

Grand  Coulee  to  foot  of 
\PTleBt  Rapids  


Fea. 

2nO 
265 

75 
198 

90 


Effi- 
ciency. 


Per 


85 
80 
75 
85 
80 


(MuaiMa  Bute  enp^Uei  hj-r- 

Gravity. 

Piunptug. 

Nom- 
inal 

flow. 

Electric 

horse- 
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Nom- 
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flow. 

Eleetrte 
horse- 
power. 

1  Second- 

Second- 
feet. 

7,300 

176,  COO 

18,000 

435,000 

7,4C0 

178,000 

18,100 

440,000 

27,m 

m,m 

m,m 

33, 100 

640,000 

35,000 

665,000 

36,000 

294,000 

42,500 

348,000 

1,466,000 

2,U3,0Q0 

1 

115.  The  figures  in  the  last  column  are  predicated  on  the  use  of 
Pfiest  Xiftke  storage  for  regulating  the  flow  for  power  b^ow  ^baay 
Falls.  Such  storage  may  also  be  used  for  the  development  of  Priest 
River  power,  thereby  producing  about  23,000  effective  horsepower, 
as  outlined  in  pari^aphs  99  and  100«  The  lake  was  figured  for 
600,000  acre-feet  storage,  or  about  one-fourth  of  the  combined  storage 
in  Pend  Oreille  and  Priest  Lakes.  As  the  increase  of  power  on  Clark 
Fork  aod  Columbia  lUver  made  possible  by  the  eontiol  of  bo^  lakes 
is  shown  to  be  about  647,000  effective  horsepower,  it  is  evident  that 
surrendering  one-fourth  of  this  storage  to  local  power  on  Priest  Lake 
may  result  in  a  loss  lower  down  of  possibly  160,000  effective  Jhorse^ 
power  as  gainst  a  probable  local  gain  oii  Priest  River  of  23,000 
effective  horsepower.  Thus  the  use  of  Priest  Lake  for  local  power  is 
equally  inadvisable  in  the  oase  of  a^  pumped  supply  as  it  was  shown 
to  be  in  the  case  of  a  gravity  supply  fot  th^  CcduAibfa  Baski  project. 
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116*  In  the  above  comparison  the  Grand  Coulee  Dam  has  been 

assumed  as  200  feet  high,  the  water  being  raised  to  a  minimum  ele- 
vation of  1,138  feet.  It  should  be  stated  that  such  height  of  dam 
may  have  an  injurious  ^'ect  on  power  possibilities  on  the  lower  Spo- 
kane. So  far  as  known,  there  are  two  favorable  dam  sites  on  this 
stream,  one  2  miles  and  the  other  18  miles  above  its  mouth.  The 
latter  site  will  not  be  interfered  with  by  a  200-foot  Grand  Coulee 
dam.  The  former  site  would  be  submerged  at  least  50  feet  by  the 
Grand  Coulee  Dam,  and  the  remaining  50  feet  of  a  total  of  100  feet 
head  otherw  ise  available  at  this  site  would  be  destroyed  unless  a  50- 
foot  dam  should  be  feasiUe  upstreami  of  the  point  reached  by  Grand 
Coulee  back  water.  The  nominal  flow  on  Spokane  River,  as  con- 
trolled by  Coeur  d' Alone  storage^  is  about  2.500  second-feet  as  com- 
pared with  over  30,000  secoud-feet  at  Grand  Coulee,  and  the  loss  of 
Spokane  River  power,  if  a  dO-foot  dam  above  Grsjoid  Coulee  back 
water  should  not  be  feasible,  would  be  but  a  fraction  of  the  gain  on 
the  Columbia  River  by  building  the  Grand  Coulee  Dam  to  ma.Yiniiirn 
permissible  height. 

117.  A  sununary  of  all  power  possibilities  under  various  assumed 
conditions  is  given  in  the  following  table,  together  with  the  extent 
of  e^tiwated  shortages: 

All-year  power  on  Flathead  /ttmer,  CInrk  Fork,  and  Columbia  Kiver. 


Stream. 


Flathead 

River. 

Oark  FcMTk: 
No.  J  

No.  2  


No.»  


No.  4 


Columbia 
BiTor: 

No.  2  

No.  3  

Total. 


Us- 
able 

head 
at 

L^S^  I  Norn- 
flow. 


No  storage. 


(Flathead  Lake  to 
J  711  outh  of  Flathead 
I  River    


f  Mouth  of  Flathead 
\Riv£rtoIdaholiae. 
/Idaho  line  to  Lake 

\Pend  Oreille  

Lake  Pend  Oreille 
to  internatioeuhl 

boundary  

International 
boundarv  to  month 


Feet, 
303 


\ot 


Clark  Fork 


75 


Mouth  of  Clark 
Fork   to  foot  of 

Kettle  Falls  

Foot  of  Kettle 
Falls   to  Orand 

Coulee  

Grand  Coulee  to  \\  qJ«i  nnn 
PrieBt  Raplda  /  ^^f^ 


140 
77 

250 

265 


Sec- 
ond- 
feet. 

2,500 


6,300 


All-year 
power. 


Effectm 
horse- 
power. 

69,000 


Flathead  storage,  1,600,000  acre- 
feet  for  Flathead  power.  Pend 
Oreille  storage.  1 ,750,000  acre- 
feet.   Priest   Lake  storage, 
600,000  acre-feet  lor— 

State  or 
Froviuce. 

Columbia  Ba- 
sin gravity 
project. 

Power. 

Nom- 
inal 
flow. 

All  year 
power. 

Nom- 
inal 
flow. 

All-year 
power. 

Sec- 
ond- 
feet. 

Effective 
horse- 
power. 

Sec- 
ond- 
feet. 

Effective 
norse- 
power. 

75,qDQ        106,000  %m 


6,500,  43,000 


9,700 


26,000 
19832,000 


2^000 

23^000 


166,600  27,900 

612,00033,100 
2iM^00036,000 


6,000 


9,100  59,000 

7,3001  m,«oo 
Y,400  178,000 


1,725,000 


178,000 


9,100 


165,000 
59,000 


18,100 


35,200 


640,000j  35,000 
2M,000  42,m 


1,796,000 


440,000 

225,000 

1665,000 
348^000 


Montana. 

Do. 
Idaho* 


{ 


British  Co- 
lombia. 


2,143,000 
047,000 


Washington. 

Do- 
Do. 
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Shortage  m  aU-jfear  power  on  FiaAead  JKmt,  Cimb  Fork,  and  CohmAia  Riur,  ms-^mi 


Columbia  Basin  irrigation. 

Flathead  River...—.  

Clark  Fork  No.  1  

Clark  Fork  No.  2  

Clark  Fork  No.  3  

Clark  Fork  No.  4  

Columbia  River  No.  1  

Columbia  River  No.  2  

CoUunbia  Biver  No.  3  


Num- 
ber of 


10 
9 
9 
9 
9 
9 
9 
9 


Aver- 
ageper 


19 
15 
15 
19 
19 
12 
15 
15 


Flathead  stwage,  1,600,000  acre-feet  for  Flathead 
power.  Pend  Oreille  storage,  1,750,000  acre- 
feet.  Pilegt  Lake  storase,  600^  acre-feet 
for— 


Columbia  Basin 
gravity  project. 


Maxi- 
mum 
per 
cent. 


Num-  Aver- 
ber  of  age  per 
mcmttas.  cent. 


10 

40 

20 

43 

9 

7 

43 

9  , 

7 

^ 

11  1 

1 

42 

11 

1 

21 

14 

25 

14 

24 

IS 

Maxi- 
mum 
per 
cent. 


Pow«p. 


Num- 
ber of 
months. 


10 
20 
19 
19 
1 
1 
29 
25 


9 
5 

9 
9 
6 

6 
9 
9 
9 


Aver- 
ageper 


12 
20 

7 
7 
28 
28 
14 
13 
11 


160 
20 
19 
19 
28 
28 
27 
20 

m 


118.  The  alL-yeax  power  possibilities  on  the  riYer  syston  agg^c^^te 
as  follows: 

ElecMe 

horsepower. 

With  Columbia  Basin  irrigated  by  pumping  ,   ^  2, 443, 000 

With  Columbia  Basin  imgsrf^    1^796^  000 

IKfferejice   J  G4v,  000 

119.  In  the  1920  report  of  the  Columbia  Basin  commission  under 
the  head  of  Power  posi^bilities^'  in  ocmnection  with  a  Columbia- 
Basin  gravity  project  it  was  stated  that  seasonal  power  could  be 
ultimately  developed  from  local  canal  drops  varymg  from  70,000 
horsepower  in  April  to  190^000  horsepower  in  August  and  to  80,000 
horsepower  in  October,  no  power  of  course  being  available  for  the 
five  months  from  November  1  to  March  30.  No  statement  occurs 
in  tbe  report  of  similar  seasonal  power  which  will  be  available  mider^ 
a  pumping  project  and  no  information  is  at  hand  upon  which  to 
base  an  estimate  of  the  difference  in  this  seasonal  power  from  canal 
drops  whidb  may  esdst  in  favor  of  the  gravity  project. 

120.  It  is  possible  that  this  difference  may  be  material  and  this 
subject  should  of  course  be  {ully  investigated-  For  present  pur- 
poses it.  may  be  said  that  such  seasonal  power  from  canal  drops 
can  not  compare  in  value  with  all  year  poM  er,  especially  since  at 
all  power  developments  on  the  Clark  Fork,  and  particularly  at  those 
on  the  Columbia  River,  large  amounts  of  seasonal  power  will  become 
available,  probably  far  in  excess  of  what  can  be  feasibly  consumed 
by  irrigation. 


1  May  be  subject  to  a  reduction  oi  11,000  bOTMpower  in  the  event  of  power  destmi^Qa  w  tbo  lower 
Spokane  River. 
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121.  Statements  have  been  made  to  this  board  that  a  Ooltimbia 
Basin  gravity  canal  might  be  utilized  in  winter  to  deUver  water 
into  the  Spokane  River  above  Spokaite  for  power  use  by  plants 
lower  down  on  the  stream.  In  this  manner  the  water  might  be 
used  under  an  aggregate  head  of  about  680  feet  on  the  Spokane 
Riv«r  including  plants  not  yet  built  as  against  516  feet  usatde  hmd 
on  the  lower  Clark  Fork  and  75  feet  in  Kettle  Falls,  all  above  the 
point  of  return  to  the  Columbia  River. 

122.  The  extent  to  whii^  audi  use  of  water  may  be  valiuible 
to  Spokane  River  power  plants  has  not  been  studied  and  may  depend 
upon  methods  of  regulating  storage  in  Coeur  d^Alene  Lake  which 
may  in  this  mimner  permit  saving  of  storage  in  winter  fw  use  duiiiig^ 
the  rest  of  the  year.  The  injury  to  interests  on  lower  Clark  Fork 
and  at  Kettle  Fails  is,  however,  evident.  The  result  would  be  not 
merely  the  destruction  of  practically  the  same  poww  as  t^atereated 
on  Spokane  River,  but  also  by  reason  of  leaving  no  Clark  Fork  power 
available  in  winter,  the  conversions  of  all  year  power  on  Clark  Fork 
and  to  some  extent  at  Kettle  Fails  into  seasonal  powor  of  mncb 
less  value. 

123.  As  a  practical  proposition  the  use  of  a  long  and  important 
irrigation  canal  for  flow  of  pow^  water  during  wintcir  is  objectientaUe 

because  there  remains  no  time  available  for  doing  the  necessary 
annual  repairs  and  because  the  rate  of  depreciation  of  concrete 
canal  lining  is  greatly  mcreased  by  carrying  watei^  undor  iee  oon« 
dltions. 

124.  Finally,  the  legal  right  of  completely  laying  dry  a  large 
livar  for  several  mon<^  in  each  year^  botii  in  ^  Unitod  States 
and  in  Canada,  may  be  seriously  questioned. 

125.  From  the  preceding  discussion  it  is  evident  that  a  decision 
between  the  methods  of  irrigating  ihe  Ccdmnbia  Bamn  affects  not 
only  the  project  itself  but  also  future  power  possibilities,  of  which 
nearly  650,000  all-year  effective  horsepower  would  be  destroyed 
by  the  selection  of  the  gravity  metiiod.  If  it  were  now  deeded  tiiiU^ 
the  pumping  method  is  the  proper  solution,  power  development 
on  the  lower  Clark  Fork  and  on  the  Columbia  River  could  be  based 
upon  a  S3r8tem  of  Pend  OreiUe  and  Priest  Lake  storage  ocmtrol  highly 
beneficial  to  power.  If,  on  the  other  hand,  the  gravity  method 
were  to  be  definitely  selected,  power  interests  will  have  to  judge 
their  prospects  and  posdbilities  on  a  eonespondingly  reduced  baas 
and  act  or  fail  to  act  accordingly. 

126.  This  board  is  not  prepared  to  express  an  opinion  on  the 
immecUate  feasibility  of  a  ColnmlHa  Ba^  project,  hut  considers 
it  evident  that  if  the  project  is  not  feasible  now,  rising  land  values 
will  render  it.  so  in  the  future,  and  that  its  economic  importance 
is  relatively  greater  than  that  of  the  power  which  it  may  destroy. 


4&  ]fifDm>^  m'^fs^  ^^mmm-  . 

It  18  further  believed  that  satisfactory  information  is  not  now  at 

hand  to  justify  a  final  decision  on  the  method  of  irrigating  the  Colum- 
bia Basin  or  ev^  on  the  best  k»aation  for  the  dam  fof  a  pumping 
project  that  will  be  to  the  best  interest  of  the  public.  This  board 
feels  that  the  pumping  and  the  gravity  methods  of  supply  have 
eaeh  their  ^taxmg  and  their  weak  features,  but  is  of  the  qjjunion  that 
the  project  investigation,  upon  which  to  date  less  than  10  cents 
per  acre  has  been  expended,  has  not  gone  nearly  far  enough  to  permit 
a  oonyinciiig  deeisi<iBi,  specially  consid^:ipg  that  the  adoption  of 
the  gravity  project  may  result  in  the  permanent  destruction  of 
about  650,000  all-year  effective  horsepower  nearly  400,000  of  which 
is  located  in  the  State  of  W«$hingtou. 

127.  There  is  a  tendency  to  underestimate  the  value  of  power  in 
localities  such  as  the  Northwest  where  potentialities  are  very  great. 
While  1^  tend^icy  may  contmue  in  ihe  Northweat  {qi:  sopie  tune, 
a  change  in  this  attitude  toward  undeveloped  water  power  may  be 
anticipated.  The  demands  of  an  increasing  power  market  are  being 
felt  all  over  the  United  States.  For  insitance,  CaM^o^ni^;  where  20 
years  ago  a  great  excess  of  power  was  available,  is  now  finding  its 
industrial  development  hampered  by  inability  to  keep  ahead  of 
deonands  for  power.  The  Oolus^bia  Basin  when  develt^d  will  in 
itself  become  a  large  consumer  of  power  and  increase  power  con- 
sumption in  the  surrounding  large  cities.  Improvements  in  chemical 
and  eleetrolytical  pioeeases  d^anding  low  cost  power  may  also  be 
confidently  expected  in  the  future.  It  is  probable  that  power 
development  m  the  Northwest,  which  is  now  steadily  proceeding, 
will  he  greatly  aecderated  and  that  before  long  the  value  of  potential 
power  will  be  more  generally  appraised  at  its  real  value. 

128.  As  regards  facilitating  power  development  below  Lake  Pend 
Oreille  pending  a  deeision  as  to  the  proper  method  of  irrigating 
Columbia  Basin,  it  may  be  stated  that  in  addition  to  granting  the  use 
of  Flathead  Lake  for  the  power  interests  below  Flathead  River  under 
reservations  outlined  in  section  93,  there  appears  to  be  no  objection 
to  the  Federal  Power  Commission  granting  also  rights  of  storage  in 
Pend  Oreille  and  Priest  Lakes  to  power  interests  ])rovided  such 
rights  are  made  subject  to  cancellation  in.  the  event  that  a  gravity 
siipply  is  finally  decided  upon  for  the  Columbia  Basin  project. 

RELATIONS  WITH  CANADA. 

129.  The  flow  m  the  lower  Clark  Fork  will  be  materially  affected 
by  a  decision  as  to  methods  of  stoi«ge  ecmtrol  in  Flathead,  Pend 
Oreille,  and  Priest  Lakes.  After  crossmg  from  Washington  into 
British  Columbia  the  Clark  Fork  has  a  drop  of  400  feet,  of  which, 
according  to  the  Oanadiaa  eoa^EuasiAa  of  ecniseirTatioii,  265  feet,  may 
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be  available  for  power  development.   Pot^tial  feasible  power  may 

be  estimated,  as  per  table  in  section  92,  at  234,000  effective  horse- 
power under  conditions  of  present  flow,  178,000  effective  horsepower 
in  case  Hie  Oolumlna  Bann  project  is  irrigated  by  gravity,  and 

440,000  effective  horsjjpower  in  case  this  project  is  irrigated  by 
pumping. 

130.  Careful  considmf^tion  is  owi^  to  the^  interests  of  oin*  neighlxMr 

on  the  north,  although  not  to  the  extent  of  causing  serious  injury  to 
ourselves.  Thus  power  loss  or  gain  in  Canada  should  exercise  no 
decisive  influence  upon  the  solution  ol  our  domestic  ]HX>blems.  It  is, 
however,  of  importance  that  if  by  any  action  south  of  the  line,  no 
matter  how  well  within  the  bounds  of  international  legality,  interests 
to  the  north  may  be  injured,  this  injury  be  kcq^  doirai  to  a  fair 
m&iimum. 

131.  The  proposition  pr^evioualy  outlined  that  the  right  of  storage 
<^  •  Coiuml:^  Basia  gravity  project  should  be  limited  to  the  total 
inflow  in  excess  of  7,000  second-feet  should  gain  weight  when  fair 
consideration  is  given  to  the  interests  of  Canada.  The  question  of 
divkdon  of  cost  in  pro^rtaoo;  of  bemi&ts  need  not  her^  be  disciis^iBd. 

132.  It  is  of  course  necessary  to  live  up  to  our  agreements  with 
Canada  as  expressed  in  existing  treaties.    One  treaty  requires  that 

'  an  opiem  river  ^all  be  main  tained  irom  the  international  bMmdary  to 
the  ocean.  This  treaty  may  be  considered  as  providing  for  navigation 
use  on  the  river  by  Canadians  on  equal  terms  with  citia^is  of  the 
United  Suites. 

133.  If,  however,  this  treaty  is  to  be  interpreted  as  forbidding  the 
building  of  dams  without  provisions  for  passing  boats  or  logs,  and 
^dm  teea^  dtiould  not  be  abn^ted  by  common  eonsent  but  should 
remain  in  effect  when  definite  rights  are  to  be  granted  at  Grand 
Coulee  or  elsewhere  on  the  Columbia  Hiver  for  the  construction  of  a 
dom^  it  devolves  upon  owr^venmient  to  insist  upon  provttoomt  for 
the  construction  of  locks.  In  this  event,  however,  agreement  of 
Canada  to  postponement  of  actual  construction  might  be  secured 
through  the  State  Departm^t  until  the  locks  are  found  necessMy 
for  purposes  of  navigation. 

134.  Reference  has  been  had  to  the  effect  which  the  control  of 
storage  ift  ieer4un  laj^  lakes  m  Biitks^  Columbia  may  have  upon  the 
flow  of  the  Columbia  River  in  the  United  States.  It  was  stated  in 
section  6  that  information  received  from  Dominion  and  Provincial 
aiithoiitieB  leads  to  the  pgeliminaiy  ccmclusioA  that  the  effect  wiU 
not  be  serious.  Undoubtedly,  Canada  in  the  exercise  of  its  authority 
will  require  that  no  avoidable  injury  will  be  inflicted  on  intcjr^ts  in 
the  United  .^les.  v 
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CONCLUSIONS. 

•136.  It  is  conduded  thatr— 

(a)  Freedom  should  be  given  to  fullest  irrigation  expanfflCMi  ill 
Montana,  Idaho,  and  Washington,  and  no  rights  should  be  allowed 
to  aemte  to  lower  mterests  which  would  legtdize  limitation  of  or, 
interferraace  with  irrigation  above. 

(6)  The  Columbia  Basm  project  is  the  most  important  single  item 
to  be  considered  in  the  uses  to  be  made  of  Columbia  Biver  water 
above  the  mouth  of  Snake  RivOT. 

(c)  The  Colmnbia  Basm  project  can  be  irrigated  by  gravity  from 
tAkd  Clark  Fork  at  Albany  Falk  or  by  pumping  from  the  Columbia 
Rivor  at  Grand  Coulee. 

(d)  The  Colmnbia  Basin  gravity  project  can  be  adequately 
supidied  by  the  aid  of  storage  in  Pend  Oreille  and  Priest  Lakes  in 
Idaho,  conditioned  upon  maintenance  of  natural  flow  from  Fkt^ 
head  Lake  when  needed. 

(«)  The  Columbia  Basin  project  can  be  supplied  with  practically 
no  shortage  without  the  aid  of  stOTage,  with  a  dam  at  Chrand  €oule6 
about  156  feet  high  above  low  water. 

(/)  Information  upon  which  to  base  a  final  decision  between  a 
gravity  and  a  pumped  supply  for  a  Columbia  Basin  irrigation  proj* 
ect  is  not  complete  and  should  be  completed.  Any  decision  should 
take  into  account  the  effect  upon  potential  power. 

(g)  Pending  such  decision  no  permanent  rights  of  storage  i^i^ukl 
be  granted  in  Pend  Oreille  and  Priest  Lakes. 

(A)  If  ullomately  the  decision  is  in  favor  of  a  Columbia  Basin 
gravity  project,  storage  rights  in  Pend  Ordlle  and  Priest  Lakes 
should  be  granted  to  such  project,  but  should  be  limited  to  storage 
of  inflow  in  excess  of  7,000  second-feet. 

(i)  If  ultimately  the  decision  is  in  favor  of  a  Columbia  Basin 
pumping  project,  storage  rights  in  Pend  Oreille  and  Priest  Lakes 
should  be  granted  to  the  joint  interests  of  power  on  the  lower  Clark 
Fork  and  the  Columbia  River,  subject  to  limitations  c<mtained  m 
section  (a). 

(j)  Storage  rights  in  Flathead  Lake  should  be  granted  to  Flat- 
head power  interests,  subject  to  fullest  development  found  pnieti^ 
cable  after  complete  investigation.  Prior  to  such  development 
rights  may  be  advantageously  grimted  to  power  interests  on  Clark 
Fork  subject  to  conditions  protecting  ulthnate  control  im  Flaldiead 
power  and  for  the  protection  of  the  Columbia  Basin  project  if  built 

on  the  gravity  plan. 

(k)  Storage  control  at  Flathead,  Pend  Oreille,  and  Priest  Lakes 
should  be  under  impartial  supervision. 
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(D  A  permit  to  develop  power  at.  the  Grand  Coulee  site  or  at  any 

point  on  the  Columbia  River  as  far  downstream  as  the  Foster  Creek 
site  should  not  be  granted  to  power  interests  untU  it  is  known  that 
such  site  will  not  be  needed  by  the  Columbia  Basin  project.  In 
case  the  Columbia  Basin  project  shall  require  a  power  site  for  irriga- 
tion and  power  on  this  stretch  of  the  Columbia  River  a  permit  should 
be  granted  to  it  after  the  best  location  and  height  of  dam  shall  have 
been  determined  from  the  standpoint  of  the  project  and  the  public 
interest. 

IV.  MINORITY  REPORT,  BY  MARVIN  CHASE,  SUPERVISOR  OF  HYDRAU- 
UCS,  STATE  OF  WA^INGTON  (MEMBBR,  COLUMBU  RIVES  BOARD). 

In  submitting  a  minority  report,  it  is  desired  to  state  that  the 
writer  concurs  in  the  foregoing  majority  report,  except  as  to  the 
conclusions,  recommendations,  and  discussion  relating  to  the  Colum- 
bia Basin  project.  The  reasons  n«cee»tating  a  dissent  from  those 
features  of  the  majority  report  are  stated  in  the  following  pages. 

The  Colmnbia  River  board  is  a  board  of  engineers,  appointed  by  the 
Federal  Power  Commission,  to  make  a  study  of  tiiemo^^eonmaie  use 
of  the  waters  of  the  Columbia  River,  and  report  its  findings  and  con- 
clusions to  the  Federal  Power  Commission.  It  must  be  borne  in 
mind  at  all  times  throughout  this  discusdcm,  however,  that  the 
Federal  Power  Commission  has  jurisdiction  over  the  waters  of  the 
Columbia  River  only  in  so  far  as  the  use  of  water  for  power  develop- 
ment is  concerned.  A  readii^  the  majority  mptit  will  disclose 
that  it  is  devoted  largely  to  a  study  of  the  Columbia  Basin  project. 
In  thus  concentrating  on  irrigation  the  board  has  gone  beyond  the 
aoo^  of  its  authority.  For  instance^  of  the  board's  12  condueoons 
only  2  BTe  of  general  application,  the  remaining  10  dealing  with  the 
Columbia  Basin  project. 

Before  considering  the  power  development  from  the  Columbia 
River,  the  board  necessarily  had  to  devote  some  attention  to  the 
irrigation  needs,  and  the  interrelation  of  migation  and  power  uses. 
The  board  has  recoguijsed  that  ''freedom  should  be  given  to  fullest 
irrigation  expansion  in  the  States  of  Montana,  Idaho,  and  Washing- 
ton."  With  this  fundamental  conclusion,  the  writer  fully  concurs. 
It  is  a  timely  recognition  of  the  need  of  the  Northwest  for  greater 
agricultural  developm^t  and  of  the  priority  which  should  be  accord- 
ed irrigation. 

The  largest  single  proposed  use  of  the  waters  of  the  Columbia  River 
is  for  the  irrigation  of  lands  within  the  Columbia  Basin  project  in  the 
State  of  Washington.  Before  studying  power  needs,  it  is  granted 
that  the  board  had  to  take  mtfi  confflderation  the  amoim^  <xf  water 
needed  for  that  project  and  the  proposed  point  of  division.  The 
board's  problem,  there,  however,  was  a  very  simple  one.  The 
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State  of  Washins^ton,  through  its  properly  authorized  officers  had 

prepared  complete  and  elaborate  data  on  that  project.  The  State's 
report  had  discussed  iiJiteriiatiYe  reclamation  pUod.  SubsequeiLtiy  W 
the  issuance  of  that  report^  the  State  had  procured  a  further  report 
from  Maj.  Gen.  Geo.  W.  Goethals  and  as  a  result  of  his  recommenda- 
tions, the  proper  oihciaU  oi  the  State  had  ofiicially  approved  and 
selected  the  gravity  plan,  and  had  so  advised  the  Columbia  River  . 
board.  The  Columbia  liiver  board  should  have  accepted  the  State's 
conclusion. 

The  majority  report  follows  such  procedure  in  considering  irriga- 
tion needs  in  the  States  of  Montana  and  Idaho.  (See  pars.  58  md 
61,  majority  report.) 

Had  the  board,  in  its  majority  report,  thus  remained  within  the 
scope  of  its  proper  jurisdiction,  there  wouhl  have  been  no  occasion 
for  a  minority  r^mrt.  But  unfortunately  the  majority  of  the  board 
have  not  only  overstepped  their  authority,  but  have  insisted  m  dm^ 
reganUng  the  official  action  of  the  State  of  Washington,  and  have 
devoted  the  greater  portion  of  their  report  to  a  study  of  the  alterna-^ 
tive  features  (rf  the  Columbia  Basin  project.  They  have  converted- 
what  should  have  been  an  impartial  analysis  of  power  possibilities 
into  a  criticism  of  and  ai^ument  against  the  deciaion  of  the  proper 
officials  of  the  State  of  Washington.  The  majority  of  the  boiyrd 
are  presuming,  as  representing  a  Federal  commission,  to  recommend 
to  (hat  cMumissioii  action  which  would  infrii^e  and  trespass^  upon 
the  supreme  nght  of  a  soverei^  State  to  regulate  its  own  internal 
affairs. 

The  detailed  consideration  of  the  Columbia  Basin  project  has  no 
proper  place  in  a  report  of  the  Columbia  River  board  to  ih%  Federal 
Power  Commission,  but  having  been  injected  into  the  majority 
report,  a  minority  report  to  analyze  the  majority  treatment  of  that 
project  becomes  a  necessity.  It  is  not  deemed  advisable  at  this 
time  to  reiterate  the  special  features  of  that  project.  They  are 
summarized  in  Appendix  D  accompimying  the  majority  report.  In 
order,  however,  that  the  Federal  Power  Oonmiissicm  may  have  no 
misunderstan(hng  of  the  position  of  the  State  of  Washin«:ton,  we 
are  attaching  to  this  minority  report,  and  by  reference  making  a 
part  hereof,  Exhibit  1,  "Columbia  Basin  Project,  with  Appendices, 
1920/'  being  a  report  by  the  Columbia  Basin  Survey  Commission; 
and  Elxhibit  2,  ^Columbia  Basin  Project,  a  lieport  by  George  W, 
Goethals  &  Co.  (Inc.),  1921."  ^ 

The  majority  report  gives  12  conclusions,  which  are  designated 
(a)  to  inclusive.  These  concLuaions  will  now  be  considered  in 
the  order  in  which  they  occar. ' 

i  Priotod  and  ^attibated  by  tbe  state  of  Wadiingtim. 
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<a)  freedom  should  be  given  to  fullest  irrigatioa  ex|MHl8ion  M  Mmlttttt,  IcUOu), 

and  Washington,  and  no  rights  aliould  be  allowed  to  accrue  to  lower  mtoresta  which 
would  legalize  Uinitatiou  ol  or  interference  witli  irrigation  above. 

This  coiMjIliskm  Ie4*re6  it  poasiWe  for  uppef  mtmsais  io  limit  or 

interfere  with  lower  irrigation.  That  is,  power  dfe^*lopment  at  any 
abore  ALbany  Falls  could  limit  irrigation  development  at  any 
point  below  tJie  falls.  Thi»  is  ^ac%  contrarj  -to  the  fiiat  part 
of  the  conclusion  that  correctly  states  ''Freedom  should  be  given 
to  iulleet  irngatioii  expansion."  The  conclusion  should  be  modified 
to  read:  "  (a)  Freedom  should  be  given  to  fullest  irrigation  expatt- 
sion  in  Montana,  Idaho,  and  Washington,  and  no  rights  should  be 
ay^wed  to  acenie  to  other  interests  which  would  legalize  limitation 
of  or  interference  with  iftigation/' 

Conclusion  (6)  logically  foUdws  conclusion  (a)  if  the  latter  is 

modified  as  requested. 

Conclusion  (c)  involves  the  board  in  a  controversy  whi^  diould 
not  be  reopened,  wherein  it  states  that  tlie  Columbia  Basin  can  be 
iifrigated  by  pumping  from^th.e  Columbia  River  at  Grand  Coulee. 
The  official  finding  by  the  State  of  Washington  whereby  the  State 
adopted  the  Columbia  Basin  gravity  plan  closed  that  controversy. 
Theore  is  no  other  official  plan  available  for  consideration. 

Conclusion  (d)  is  only  possible  if  storage  is  provided  in  Lake  Pend 
Oreille  to  elevation  2,070  and  even  then  some  shortage  of  irrigation 
water  must  be  «Kpected.  The  Columbia  Basin  Survey  Coumiission  had 
a  crew  appraising  land  damages  anmnd  4he  Idee  for  nearly  two  months 
and  arrived  at  the  conclusion  that  elevation  2,065  was  the  highest 
desirable  whm  all  factors  are  considered.  A  committee  of  two  mem- 
hefs  of  this  board  of  engines  sp^t  one  day  at  Smid  Point  on  the 
lake,  and  upon  their  advice  this  report  adopts  elevation  2,070. 

Conclusion  («.)  not  only  is  subject  to  same  objection  as  conclusion 
(c),  but  does  not  agree  with  ^  tables  of  water  supply  given  dse- 
where  in  the  report.  In  a  number  of  years  there  will  be  shortage 
of  water  at  ^ther  the  beginning  or  the  end  of  the  irrigation  season. 
The  report  dismisses  ttns  by  laying  that  a  low  flow  in  April  would 
be  accompanied  by  a  loW  demand  for  irrigation  water,  but  this  does 
not  follow.  The  run-<^  from  the  high  Rocky  Mountains  and  the 
British  Columbia  area  might  be  very  slow  Wl  late  in  the  year^ 
yet  an  early  spring  with  extreme  drought  conditions  be  found  over 
the  iirigationi  area.  And  in  the  fall,  an  unusually  low  run-ofi  might 
be  the  result  of  a  widespread  and  long  continued  drought,  whidi 
would  multiply  the  demand  for  water  for  irrigation. 

Conclusion  (/)  does  not  come  within  the  province  of  this  report, 
or  of  the  Federal  Poww  Concussion,  The  questioa  of  idtetiiate 
sources  of  supply  for  the  Columbia  Basin  project  is  not  before  this 
board,  or  any  other  part  of  the  Federal  .  Gioveixuaent  at  this  time. 
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Oonclusion  (g)  is  just  the  reverse  of  the  fact.  Whether  the  graritv 
or  the  pumping  plan  is  adopted  for  the  Columbia  Basin,  storage  in 
the  lakes  will  be  essential  to  a  full  Mid  properly  maintained  water 
supply.  It  is  admitted  the  gravit}^  plan  will  need  the  maximum 
storage  of  Pend  Oreille  and  Priest  Lakes.  It  is  also  shown  by  the 
board's  own  figures  that  the  pumping  |»o|ect  depends  largely  upon 
sale  of  surplus  power  to  reduce  the  probable  net  operating;  cost  to 
anywhere  near  feasible  liniitSy  and  the  same  figures  show  that  large 
storage  in  probably  all  throe  lakes  will  be  ne^ssary  to  mamtain  a 
primary  or  firm  output  of  commercial  power  at  the  Grand  Coulee  site 
in  excess  of  that  required  for  pumping.  Under  either  project,  there- 
fore, maximum  storage  is  required  in  the  lakes  for  the  bMi^t  {iri^ 
manly  of  irrigation.  The  conclut^ion  should  therefore  read:  (j^) 
Permanent  rights  of  storage  in  Pend  Oreille  and  Priest  Lakes  should 
be  reserved  for  the  irrigation  projects  in  the  States  of  Washingt<Hi 
and  Idaho." 

Conclusions  (A),  (j),  (k),  and  (7)  are  accepted,  although  subject  to 
the  g^^ral  contention  that  the  pumping  project  is  not  propioly 
b^ore  this  board  for  consideration. 

Conclusion  (/)  is  incorrect.  It  is  based  upon  the  assumption  by 
the  majority  of  the  board  that  ston^  will  not  be  required  in  connec- 
tion with  the  pumping  project,  whereas  the  figures  tabulated  else- 
where in  the  report  show  plainly  that  maximum  development  of 
power  at  a  dam  at  the  Grand  Coulee  site,  regf^less  of  the  height  oi 
dam,  requires  the  maximum  possible  ston^  at  all  points  further  up- 
stream. .  It  is  evident  that  control  of  such  storage  by  power  companies 
wiiose  sales  are  in  ocnnpetition  with  the  power  from  the  Grand  Coulee 
Dam  might  be  exercised  in  a  way  very  detrimental  to  the  latter.  The 
modification  requested  in  conclusion  {g)  will  eliminate  necessity  for 
coneLusiMi  {%).  Furthermore,  the  majority  argument  and  figures 
showing  the  greatly"  superior  value  of  a  given  amount  of  water  for 
generating  power  at  the  Grand  Coulee  site,  based  upon  the  assumed 
greater  head,  volume,  Mid  ojMNPating  efficiracy,  also  show  that  that 
site  should  have  the  primary  control  of  all  storage.  Sites  which 
generate  a  less  amount  of  power  per  unit  of  water  (lowing  certainly 
diould  not  have  the  control  of  the  flow.  Conclusion  (i)  should  be 
eliminated  and  the  modified  conclusion  (g)  should  he  adopted. 

If  the  several  changes  requested  are  made  in  the  conclusions,  then 
ik%  reoomm^dations  and  behefs  expressed  in  paragraph  16  (rf  the 
majority  report  will  have  the  full  approval  and  concurrence  of  the 
undersigned. 

ChaptOT  III  of  the  majority  report  contains  several  statements 

which  are  not  in  accord  with  our  knowledge  of  the  facts.  These  are 
discussed  in  the  following  paragraphs,  numbered  to  correspond  with 
the  numbefs  in  tito  majority  reports 


USES  OF  XHii  UPPER  COLUMBIA  EIVER.  55 

(50,  6i,  62).  It  is  necessary  tp;  waive  our  fuftjiawental  objection  to 
any  consideration  of  the  pumping  scheme,  in  (urder  to  place  before 

the  Power  Commission  a  correct  view  of  the  factors  which  would  be 
isYolTed  if  the  pumping,  scheme  were  still  being  studied  as  an  alter- 
nate to  the  gravity  plan.  This  is  done  for  the  purpose  stated,  but 
without  granting  in  the  slightest  degree  that  there  is  any  longer  either 
offij|»al  or  unofficial  recognition  or  even  a  bona  fide  and  sincere  pro- 
posal that  the  Columbia  Basin  should  be  watered  by  pumping. 

The  statement  in  paragraph  50,  '  The  selection  between  these  two 
points  will  have  a  grave  effect  upon  power  possibilities,  especially 
on  the  Clark  Fork  below  Albany  Falls,  both  in  Washington  and 
British  Columbia,"  taken  in  connection  with  the  other  scattered 
ai^upients,  is  intended  to  cxeate  an  impression  that  there  would  be  a 
resultMit  loss  of  total  power  possibilities.  itd[erence  is  made  to 
Chapter  II,  of  the  brief  submitted  at  Spokane  on  behalf  of  the  State 
of  Washington.  It  is  shown  there  and  has  not  been  controverted  at 
toy  point  in  the  board's  studies,  that  the  gravity  project  will  increase 
the  commereiaUy  available,  potential  power  by  approximately  1,000,000 
horsepower.  True,  a  portion  of  this  will  be  generated  at  the 
Columbia 'and  Spokane  sites  rather  than  at  the  Z  Canyon  site,  but 
this  is  an  advantage  since  those  sites  are  nearer  to  markets,  cities, 
established  transmission  lines,  and  adequate  railway  facilities. 

(53).  We  object  to  citing  ''prospective  rates  of  land  settlNuent" 
as  an  unknown  but  essential  factor  of  feasibility  of  the  Columbia 
Basin  project,  but  in  paragraph  70  a&suming  "  that,  with  a  growing 
power  market,  the  cost  of  irrigation  can  be  reduced  matemlly  through 
the  gradual  development  and  sale  of  the  power.'-  Fair  play  suggests 
that  both  settlement  rate  and  the  power  market  be  considered  alike, 
either  as  cert^n  or  as  uncertain.  In  fact,  every  consideration 
indicates  that  settlement  is  more  certain  than  the  growth  of  demand 
for  this  particular  power.  Irrigation  is  always  followed  by  settle- 
ment but  the  power  demand  in  this  State  will  likely  be  satisfied  by 
the  several  very  large  developments  now  under  way,  notably  the 
Skagit,  Priest  Kapids,  and  Kettle  Falls,  totaling  probably  well  over 
1 ,000,000  horsepower  and  tripling  the  total  water  power  how  devel- 
oped in  this  State.  These  plants  give  every  promise  of  being  in  full 
op^ation  before  the  Columbia  River  pumping  scheme  could  possibly 
be  completed,  and  they  would,  therefore,  have  captured  the  market 
and  would  be  in  position  to  greatly  delay,  if  not  prevent,  the  profitable 
si^le  of  the  Grand  Coulee  surplus  power. 

(68).  The  majority  report  makes  a  statement  relative  to  the  work 
of  the  State  Columbia  Basin  studies,  which  is  not  strictly  in  accord 
with  the  fapts.  It  states,  relative  to  bedrock  at  Grand  Coulee  site, 
**  its  elevation  under  the  river  is  at  much  less  depth  than  was  assumed 
by  the  commission."    Rock  was  found  on  a  nearly  level  plane  2,500 
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feet  wide  at  about  60  feet  belofw  low  water  surface,  or  about  880 
feet  above  sea  level.  The  commission's  original  drawings  show  an 
assumed  elevation  of  836.5  for  a  distance  of  1,850  feet,  rising  rapidly 
at  each  end.  The  aetual  drilling  showed  a  much  greater  depth  to 
rock  on  hoth  si(ies  of  the  river  than  was  assumed  by  the  commission. 
Hole  No.  8  showed  a  depth  of  217  feet  where  tbe  original  esiim&te 
assumed  rock  practically  &t  the  surface,  and  hole  No,  14  showed  a 
depth  of  152  feet  where  the  original  assumption  was  less  than  50 
feet.  The  actual  drilling  showed  a  more  expansive  and  difficult 
task  in  excavatmg  for  foundations  than  was  assumed  by  the  State 
commission.  It  also  showed  that  where  rock  had  been  assumed  as 
foundation  for  the  temporary  diversion  channel,  sttnd  and  clay  ai« 
actually  present,  necessitatmg  extensive  sheet  piling  and  other 
protection  for  the  diversion  cliannel. 

(70).  The  Columbia  Kiver  board  of  the  Federal  Power  Commission 
were  advised  that  a  State  Columbia  River  board  of  engineers  and 
geologists  had  examined  a  portion  of  the  Columbia  River  for  the 
"  purpose  of  determining  the  location  on  the  river  at  whieh  borings 
should  be  made  to  ascertain  the  feasibility  of  a  dam  which  would  be 
required  in  connection  with  the  alternate  plan  of  pumpage  develop- 
ment of  the  Columbia  Basin  project";  that  such  board  had  chosen 
the  Grand  Coulee  site  for  drillmg,  and  had  recommeiided  that  an 
estimate  be  made  of  the  cost  of  electric  development  at  the  Foster 
Creek  site,  assuming  feasible  dam  site,  with  transmission  of  the 
power  to  Grand  Coulee  for  pumping  development .  Mr.  W.  T.  Batchel- 
ler,  an  electrical  engineer,  was  employed  to  make  this  estimate  of 
electrical  development,  transmission,  and  pumping  plant  at  the 
Grand  Coulee  site.  He  was  not  authorized  by  any  official  of  the 
State  to  do  any  other  work  whatsoever,  and  was  not  competent 
either  through  training  or  experience,  to  undertake  study  of  canals, 
water  distribution,  or  any  other  portion  of  the  irrigation  project. 
We  liave  at  all  times  emphatically  protested  against  his  statements, 
except  upon  the  matters  covered  by  his  official  em|»loyment,  being 
given  greater  weight  than  merely  personal  opinions  not  based  upon 
qualified  jud^ent. 

The  majority  report,  therefore,  is  incorrect  ii\  referring  to  studies 
lowing  low  cost  of  commercial  power,  etc.,  as  having  been  made 
"for  the  State."  Such  reference  implies  that  the  State  is  in  some 
degree  responsible  for  such  figures.  Not  only  is  this  implication 
untrue,  but  the  figures  themselves  are  niatHematically  iiiaccUrlitd 
in  the  fundamental  assumptions,  and  the  State  repudiates  any 
connection  therewith. 

(72)  The  majority  report  erfe-in  stating  ''Batcheller  Used  such 
data  as  were  available  in  the  Columbia  Basin  survey  office  to  make  a 
paper  location  of  the  assumed  secondM'y  piimping  plaat  and  hig^ 
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canal,  and  has  based  his  estimate  thereon."  The  maps  hanging  on 
the  walls  of  that  office,  as  well  as  tlie  great  mass  of  field  notes  repre- 
senting over  1,200  miles  of  precise  wye-leveling,  rfiow  that  the  Batch- 
eller  paper  location  reaches  elevation  1,750  southeast  of  Ritzville 
where  it  runs  for  miles  across  a  great  plain,  yet  at  the  intake  of  that 
caaal  the  devation  is  but  1,536  plus  200  feet  pumping  lift,  or  1,736. 
In  a  distance  of  nearly  100  miles  the  canal  must  fall  certainly  not 
less  than  250  feet,  yet  his  discharge  end  as  located  on  the  map  is 
actually  hyfher  than  the  intake.  The  Batcheller  line  at  Benge  lies 
some  40  miles  east  of  the  commission's  line  at  Warden,  yet  the 
United  States  Geological  Survey  topographic  map  oi  Connell  quad- 
rangle shows  that  a  line  200  feet  higher  tham  the  commission's  canal 
location  would  lie  from  3  to  5  miles  farther  east.  Further  comment 
on  this  paper  location  is  needless. 

The  majority  report,  however,  states  ''So  far  as  its  inspection  in 
the  field  is  concerned,  no  greater  obstacles  were  nottd  to  a  high  line 
pump  canal  than  exist  along  the  gravity  canal  in  this  section  of  the 
project."  Tius  statement  is  true  in  that  "no  greater  obstacles  were 
noted,"  since  the  board  of  engineers  did  not  visit  this  area  and  made 
no  field  inspection  of  this  high  line  location. 

(73)  The  board  again  errs  in  saying  that  "The  350,000  acres  of 
land  in  regard  to  which  doubt  was  expressed  as  to  its  quality  over- 
laps about  300,000  acres  of  land  listed  as  irrigable  in  the  gravity 
project."  The  land  classification  maps  of  the  Columbia  Basin 
survey  are  available  to  the  board  of  engineers.  These  show  that 
approximately  300,000  acres  in  the  overlapping  area  wero>  rejected 
by  the  State  commissbn,  and  while  within  the  territorial  boundaries 
of  the  project,  are  not  within  the  irrigable  classification,  and  are  not 
included  as  part  of  the  1,753,000  acres  which  constitute  th«  iirigatioii 
project.  The  State's  claim  is  correct,  i.  e.,  even  if  such  a  secon:dary 
pumping  canal  were  physically  possible,  it  would  not  create  a  proj- 
ect as  large  as  that  coverable  by  gravity. 

(74)  This  paragri^h  is  whdly  in  error.  There  is  positive  evi- 
dence, based  upon  carefully  conducted  and  very  extensive  field  sur- 
veys showing  conclusively  that  the  pumping  scheme  will  cover  a 
much  smaller  aiea  than  the  gravity  plan.  Reference  is  made  to 
"areas  of  excellent  land  lying  above  the  primary  pump  canals  in 
various  parts  of  the  project"  No  such  areas  exist  other  than  those 
likewise  reachable  by  pmuping  from  the  gravity  canals,  using  cheap 
power  developed  at  the  drops  in  those  canals,  as  shown  in  the  Colum- 
bia Basin  1920  report. 

There  is  a  persistent  effort  to  ignore  the  fact  that  the  State  com- 
mission made  a  complete  classification  not  only  of  all  lands  within  the 
gravity  lines,  but  of  a  large  amount  of  adjacent  lands*   The  State 
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records  do  ccnitaiiY  a  great  amount  of  accurate  and  detailed  infor- 
mation along  the  lines  referred  to,  and  it  is  not  true  as  frequently 
stated  in  the  majority  report  that  "only  fidd  sixnreys  can  determine" 
this  or  that.  ^^This  information  in  many  cases  is  at  hand,  but  either 
no  effort  has  been  made  to  study  it  by  the  board  of  engineers  or  the 
presentation  made  by  the  representatives  of  the  State  of  Washington 
has  been  wilfully  ignored.  Judging  by  the  statements  in  the  majority 
report,  the  proponents  of  the  pumping  scheme  have  been  believed 
in  toto,  wMe  the  written  documents  submitted  by  the  State  of 
Washington,  and  based  Upon  three  years  of  careful  field  surveys 
and  expert  studies,  have  been  discarded, 

(86)  It  appears  from  'this  statement  that  only  25,000  h<n»epower 
is  added  to  that  commercially  available,  by  requiring  the  basin 
project  to  use  the  pumping  scheme  instead  of  the  gravity  plan. 
Even  this  is  subject  to  material  shorti^e  at  least  six  times  dwix^  the 
past  eight  years?  To  build  a  dam  neatly  300  feet  high  above  foun- 
dation (for  200  feet  effective  head)  and  two  great  reservoirs  in  Idaho 
for  generation  of  25,000  horsepower  of  uncertain  continuity,  can  not 
be  considered  as  an  alternate  to  the  State's  official  plan.  The  latter 
plan  would  use  the  lakes  for  a  gravity  supply,  and  allow  the  full 
power  possible  at  the  Grand  Coulee,  stated  by  the  board  as  640,000 
horsepower  continuously,  plus  the  enormous  seasonal  power  if 
marketable,  to  be  developed  and  used  for  commercial  purposes,  if 
and  when  a  demand  arises  for  such  power. 

(94).  This  is  misleading.  It  states  that  "over  400  feet  drop 
between  Grand  Coulee  and  Priest  Rapids  is  assumed  as  not  available 
for  power.  This  is  simply  because  it  is  not  known  that  dam  sites 
exist  between  these  two  points."  The  fact  is  that  existing  towns  of 
considerable  importance,  as  well  as  railways  upon  the  banks  of  the 
Columbia  Biver,  and  considerable  agricultural  development,  all 
prevent  any  considerable  flooding  by  back  water  and  rend^  a 
commercial  development  of  a  high  dam  unprofitable. 

The  further  reference  to  possible  favorable  sites  at  Box  Canyon 
and  Foster  Creek  is  mitenable  in  view  of  the  unanimous  ex|A-ession 
of  the  members  of  the  board  of  engineers  while  at  the  Foster  Creek 
site  and  the  similar  expression  of  the  State  Columbia  River  board  of 
enginews  and  geologists  at  the  Box  Canyon  site.  Th^ 'expressions 
were  to  the  effect  that  even  visual  evidence  was  sufficient  to  show 
that  there  was  no  possibility  of  either  site  being  suitable  for  a  high 
dam.  Drilling  might  show  suitability  for  a  low  structure  but  the 
higher  abutments,  on  the  north  at  Foster  Creek  and  on  the  south  At 
Box  Canyon,  are  lacking  for  a  high  structure. 

(121).  The  only  comment  on  this  is  to  call  attention  to  the  unfair- 
ness of  referring  to  the  Spokane  River,  ''including  plants  not  yet 
built,"  and  referring  to  Clark  Fork  and  Kettle  Falls  without  ofonment. 


ITSBS  OF  XBB  UPPEB  CX^jUMBIA  BIYEB. 


59 


The  fact  is,  456  feet  of  the  possible  680  on  the  Spokane  is  alreadbf 
dammed,  whereas  none  of  the  75  feet  at  Kettle  Falk  or  the  claimed 
515  feet  on  Oark  Fork  ham  hem  developed.   And  so  far  as  Clark  Fork 

is  concerned,  there  is  not  in  sight  any  serious  proposal  for  develop- 
ment of  any  part  of  this  fall.  Especially  is  there  no  thought  of  devel- 
oping the  265  feet  fall  beyond  tiie  inteiiia<i<mal  boundary.  Now  is  it 
apparent  why  any  burden  should  be  placed  on  a  proposed  American 
irrigation  project  in  order  to  beneht  a  theoretical  Canadian  power 
plan? 

(123)  .  This  argument  falls  completely,  in  the  light  of  the  many 
years  of  successful  operation  of  canais  in  countries  where  ice  condi- 
t^as  prevail  much  more  severe  than  any  possible  in  the  Spokane 
country.  'Niagara  alone  is  sufficient  answer  to  this  fallacious  state- 
ment. Under  this  theory  the  vast  development  now  under  way  in 
Ontario — ^the  CMppefw«r-4B  absurd. 

(124)  .  The  object  in  this  statement  is  not  clear,  as  there  has  been 
no  proposal  by  the  State  of  Washington  to  completely  dry  the  Clark 
Fork  or  any  other  stream.  The  gravity  project  proposes  to  maintain 
7,000  second-feet  down  tlie  stream  whenever  the  water  is  in  the 
stream  or  can  be  released  from  storage. 

(126).  It  is  not  evident  why  the  maj<nriiy  report  intimates  that  <^ 
data  acquired  by  the  State  of  Washington  are  not  accurate  nor  relia- 
ble. Nor  .does  the  expenditure  of  10  cents  an  acre  by  the  State  have 
any  bearing  upon  the  Federal  Fow&t  Commission's  duties. 

The  facts  ar©  as  foUov^:  One  hundred  and  fifty  thousand  dollars  of 
direct  appropriation  by  the  State  of  Washington;  $110,000  directly 
on  the  Palouse  project  study;  m  unknown  hut  large  sum  spent  by  the 
DepaHment  oi  Agriculture  upon  the  soil  surveys  of  Franklin  County 
and  the  Quincy  Valley  area;  the  complete  land  classification  carried 
out  by  the  Northern  Pacific  Railway  Co.;  the  studies  made  by  the 
several  mortgage  companies  and  loan  banks;  the  surveys  made  by  the 
United  States  Reclamation  Service;  the  topographic  maps  made  by 
the  State  geological  survey  in  cooperati<m  with  the  Federal  (geological 
Survey  of  parts  of  the  area;  the  enormous  mass  of  surveys  and  other 
data  acquired  by  the  several  railroads  traversing  the  area;  the  30  or 
more  years  of  rainfall  records  by  the  United  States  Weather  Bureau; 
the  many  years  of  stream  flow  records  by  the  water  resources  branch 
of  United  States  Geological  Survey,  and  the  several  States;  the 
studies  of  La  Rue  and  Jessup  on  the  storage  lakes;  river  profiles  from 
the  War  DepaHment;  and  a  large  amount  of  materials,  supplies,  and 
personal  labor  donated  and  money  expended  by  various  persons, 
commercial  bodies,  and  State  institutions,  such  as  the  Collie  of  Agri- 
culture and  the  State  geological  survey,  were  all  used  to  the  fullest 
possible  extent  by  the  State  commission.    The  long  time  records  of 
rainfall  and  stream  flow  were  of  untold  value  to  1^  project,  and  could 
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not  have  been  produced  by  any  amount  of  money  had  they  not  already 
been  in  existence. 

In  briel^  the  infarmation  available  ler  the^eeision  upon  which  the 
State  based  its  official  acceptance  of  the  gravity  plan  could  not  have 
been  obtained  by  original  fidd  work  fmd  studies  for  less  Uian  a  weatj 
\sTge  sum,  probably  more  per  acre  than  has  hem  ordinarily  spent 
by  the  existing  successful  irrigation  projects  in  advance  of  actual 
starting  of  <M>iistruction. 

As  stated  in  the  briefs  heretofore  referred  to,  the  gravity  plan 
does  not  entail  destruction  of  potential  power  comparable  with  the 
permanent  Ic^  of  e<»iim^^ial  power  due  to  harnessing  a  maadmoai 
of  over  1 ,000,000  horsepower  perpetually  to  the  Grand  Coulee  pumps. 
The  Columbia  River  dams  should  be  devoted  exclusively  to  com- 
mercial power.  The  large  mininyom  flow  and  tJiie  high  hctads  avails- 
able  may  make  possible  a  power  development  at  attractive  figures, 
and  the  manufacturing  industries  of  the  future  should  have  the 
benefit  of  this  cheap  pow^.  It  is  not  Ic^cal  to  expeet  t^at  the 
pumping  project  could  charge  a  price  for  power  which  would  show  a 
substantial  profit  for  reducing  the  irrigation  cost  and  expect  com- 
mercial interests  to  buy  such  power  instead  of  bujk^  fr<»n  other 
plants  on  the  same  stream,  having  available  the  sanie  quantity  of 
flowxand  perhaps  more  cheaply  developed  plants  and  not  burdened 
with  a  cost  load  propwly  chargeable  to  in%ation. 

If  an  attempt  is  made  to  force  the  power  sales  to  carry  part  of 
the  irrigation  cost,  it  is  absolutely  certain  and  absolutely  just  that 
othor  plants  not  so  charged  will  quickly  take  away  ike  ocMimiercial 
demand.  The  net  result  will  be  an  increased  burden  on  the  irr^ators 
and  a  loss  of  commercial  power  from  the  State's  resources. 

0ONCLU8JON. 

The  writer  regrets  that  the  revisions  offered  to  the  board  on  May 

25,  1922,  were  not  acceptable  to  the  majority  members.  This  niakes 
necessary  a  minority  report  to  call  the  attention  of  the  Federal 
Power  Commission  to  the  goring  of  data  and  overridii^  of  State 
rights  evidenced  by  the  majority  report.  The  discussion  has  been 
necessarily  confined  to  pointing  out  obviously  incorrect  passages  in 
the  majority  report  with  which  issue  is  taken. 

It  is  important,  amidst  the  extensive  array  of  details  and  nu- 
merous assertions,  that  the  Federal  Power  Commission  keep  clearly 
in  mind  certain  vital  principles  involved  in  this  study  of  plans  for 
the  most  economic  use  of  the  waters  of  the  Columbia  River.  It  is 
desired  briefly  to  recapitulate  some  of  these  important  features. 

1.  The  use  of  the  water  of  the  Columbia  River  for  irrigation  is 
of  greater  benefit  to  the  people  of  the  United  States  in  general,  and 
of  the  Northwest  in  particular,  than  its  use  for  power. 
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2.  The  published  reports  of  the  United  States  Reclamation  Serv- 
ice and  other  investigations  show  that  the  irrigated  lands  in  the 
arid  portion  oi  Washington  yield  greater  returns  per  acre  and  per 

'  dollar  of  capital  cost  than  elsewhere.  This  is  due  to  the  wonderful 
fertility  of  the  soil,  the  exceptional  climatic  conditions,  and  the 
progressiveness  of  the  population  in  adopting  the  best  metiiods* 

3.  For  these  reasons,  construction  of  the  officially  adopted  Colum- 
bia Basin  gravity  project,  for  the  irrigation  of  1,753,000  acres  of  arid 
land  in  the  State  of  Washington,  is  a  mattw  of  supr^e  impcn^tance 
to  the  people  of  that  State.  It  is  in  fact  one  of  the  importanli 
national  problems  awaiting  solution  at  this  time. 

4.  The  Federal  Power  Commission,  while  having  no  jurisdiction 
over  irrigation,  should  recognize  the  superiority  of  right  for  irriga- 
tion of  this  vast  project,  and  should  grant  no  power  rights  which 
might  conflict  wit^  tiiis  irrigation  development. 

5.  The  Columbia  River  board  has  evaded  its  duty  bv  not  con- 
sidering  and  recommending  an  arrangement  of  power  development 
on  tiie  Flathead,  Clark  Fork,  Spokane,  and  upper  Columbia  River 

■  which  would  yield  the  maximum  commercial  power,  near  existing 
and  probable  markets,  subject  to  the  superior  use  of  the  waters  for 
irrigation  of  the  greatest  posi^ble  area. 

6-  The  State  of  Wasliington  having  officially  adopted  the  gravity 
project  for  the  reclamation  of  the  Columbia  Basin  lands,  the  Federal 
Power  Conunission  should  not  become  inv<dved  in  any  controversy 
as  to  other  possible  means  of  reclamation,  but  should  cooperate 
with  the  State  to  forward  the  early  development  of  this  area,  thereby 
<nreating  new  powa  markets  and  leading  to  the  mudmum  utilization 
of  the  water  resources  of  the  Columbia  River. 
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NAVIGATION  ON  COLUMBU  RIVER  AND  ITS  TRIBUTARIES  ABOVE  SNAKE 

RIVER. 

■By  E.  H.  ScHULz,  Cohnd,  Corps  of  Engineers,  United  States  Army.  .  , 


COLUMBIA  RIVER. 

Navigation,~ht  is  possible  for  suitable  boats  properly  equipped  to  navigate  the 
CSplumbia  River  from  the  ocean  to  the  foot  of  Rickey  Rapids,  a  distance  of  710  miles. 
In  the  stretch  of  river  above  the  mouth  of  the  Snake  there  are  a  large  number  of  rapids 
and  reefs  which  offer  serious  obstruction  to  free  navigation  on  the  civer  and  the  tatal 
fall  is  so  great  as  to  make  upstream  navigation  very  expensive. 

The  most  serious  obstructions  are  at  Priest  Rapids,  Bock  lalaiid  Bafttds,  Box 
Ganyitm,  and  Gate.  Priest  Rapids  and  Rock  Idaad  Rapida  ara  navigabfo 
except  for  launches  during  the  low^  ftages  of  the  river  and  are  navigable  only  with 
diflhnilty  during  the  higher  stages.  Box  Canyon  is  easily  navigable  at  the  lower 
stages  of  the  water  but  its  nav^tion  is  practically  impossible  at  high  water  owing  to 
the  excessive  swirls  and  eddies.  It  is  therefore  not  possible  to  take  a  steamboat  from 
the  mouth  of  the  Snake  to  the  foot  of  Rickey  Rapids  without  waiting  for  the  proper 
river  stages. 

Kettle  Falls  and  Rickey  Rapids  are  a  complete  bar  to  navigation.  The  river  above 
Kettle  Falls  is  navigable  to  Cohmtbia  in  Biitish  Cotwmbia  at  Mil  atagesi  exempt 
at  high  wat^, 

Biver  in^fromiient  work.— In  the  early  days  scnne  work  of  improvemrat  was  doaa 
on  Fdeat  lUpida  and  Rock  Island  Rai^da.  This^conaisted  of  blasting  out  obstructing 
bowlders  and  placing  ring  bolts  to  aid  vessels  in  lining  up  riya.  Ihe  expmdifcureo 
were  about  $70,000. 

Between  Wenatchee  and  Rickey  Rapids  there  has  been  expended  about  $280,000 
for  improvement.  The  work  consisted  of  the  removal  of  obstructing  reefs  and  rocks 
from  the  most  difficult  reaches.  The  most  important  places  are  mouth  of  Wenatchee 
River,  Rocky  Reach,  Entiat  Rapids,  Methow  Rapids,  Foster  Creek  Rapids.  Eagle 
Rapids,  Box  Canyon  and  Long  Rapids,  White  Cap  and  Parson  Rapids,  Hell  Gate, 
Spokane  Ri^iida,  Rogen  Baf ,  GdShtd  Raptda,  and  Three  Rock  Bend.  No  werk  has 
htm.  done  on  the  Ooliuabia  above  the  Snake  once  1917.  The  work  done  has  made 
navigation  be^^veen  Wenatchee  and  the  foot  of  Rickey  Rapids  reasonably  sale. 

No  work  of  improvement  has  been  done  above  Kettle  Falls. 

Navigation  and  commerce. — (a)  Snake  River  to  Wenatchee:  No  regular  boats  ever 
operated  on  the  section  from  the  Snake  to  Wenatchee. 

(6)  Wenatchee  to  Bridgeport:  Previous  to  the  completion  of  the  railway  up  the 
Columbia  between  Wenatchee  and  the  Okanogan,  boats  made  daily  trips  between 
Wenatchee  and  Bjcidgeport  and  carried  all  of  the  freight  of  the  Columbia  and  Okanogaa 
Yallayi.  oonpletioii  ct  the  railway  thte  service  was  discontinued,,  as  the  railway 
bmf^t  rate  was  less  than  that  fcsr  which  the  boat  could  opetate.  At  hi^  water, 
which  iff  during  the  mmmeg  mcmtiis,  these  boats  operated  up  the  Okanogan  River 
as  far  as  Riverside. 

At  present  there  is  only  one  boat  on  this  section  of  the  river.  It  operates  between 
Pateros  and  Bridgeport,  a  distance  of  about  25  miles.  It  is  owned  by  the  residents  in 
the.vicp^liy  of  Brid^jpprt.  and  iq^^^^uch  trips  as  may  be  jieceeeary  to  transport 
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the  products  and  supplieo  for  the  valley  in  the  vicinity  of  Bridgeport.  The  traffic 
in  1920  was  about  3,800  tons,  valued  at  about  $188,000,  and  for  1921,  11,755  tons, 
valued  at  $503,150.  The  traffic  is  generally  in  fruit,  wheat,  and  miscellaaeous 
merchandise. 

(c)  Bridgeport  to  Rickey  Rapids:  There  is  no  regular  boat  which  operates  in  this 

section.  The  Bridgeport  bic^at.  mal^  a  iew  txigM^e^^  to  «I«iy«V(y9iiitoi  im 
special  freight. 

A  nnall  boat  formerly  operated  between  Lincoln  at  the  mou^  of  Spokane  River 
and  Rickey  Rapids,  but  in  a  v^  iif^pilar  manner. 

(dt)  Rtvqr  above  Kettle  Falls:  Thete  is  no  na\igation  on  this  section  and  there  has 
been  none  for  a  number  of  years. 
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Okanogan  River.— This  river  enters  the  Columbia  from  the  north,  about  210  miles 
above  the  Snake.  The  work  on  this  river  consisted  of  rock  removal,  building  wing 
dams  to  concentrats  the  flow  on  the  bars,  and  placing  wire  cables  to  assist  boats  going 
upstream.  A  total  of  141,994.58  was  expended  on  the  improvements  from  the  mouth 
to  Riverside,  Th^  has  been  no  recent  commerce.  The  improvement  was  dropped 
in  1907.  ^ 

The  boats  whidi  lormeriy  operated  on  tins  river  during  high  wat«*  ceased  to  opemte 
on  completion  of  the  railway  tma  Wenatchee  ryp  the  Columbia  and  Okanogan  Valleys. 

•Cbarh  Fori. — CSark  Pca-k  enters  the  Columbia  a  short  distance  north  of  the  inter- 
national boundary  line  and  al)out  424  miles  above  the  Snake.  It  is  sometimes  known 
as  Pend  Oreille  River  below  Lake  Pend  Oreille. 

Improvement  by  the  United  States  consisted  in  removing  projecting  points  and 
submerged  rocks  from  Box  Csmyon,  near  Met^ine.  The  sum  of  140,505.40  was  ex- 
pended in  the  improvement.' 

This  riv^  is  navigable  betw^  Lake  Pend  C^ille  and  Albany  and  below 
th«  Falls  to  Box  Canyon,  a  distance  of  80  miles.  It  is  also  navigable  between  Box 
Canyon  and  Metaline  Falls.  During  1920,  240,000  tons  of  logs  were  floated  over 
Albany  Falls  from  Priest  River,  valued  at  $960,000.  In  addition  about  60,000  tons 
of  logs  were  floated  in  Clark  Fork  between  Newport  and  lone.  The  river  is  not  now 
under  improvement  by  the  United  States. 

Lake  Pend  Oreille. — This  lake  is  navigable  and  is  used  by  steamboats,  launches,  and 
towboats.  Logs  to  the  extent  of  80,000  tons  are  floated  down  the  lake  each  year,  and 
about  800  tons  of  general  fre^t  are  tran^cnrted.  The  steamers  are  used  to  toaniBport 
passei^rae  and  frei^t  to  points  on  tiie  lake.  Not  imder  im]»ovem6nt  by  the  United 
States. 

JPloAaodf  Zafe,  Mont  —HnB  lake  empties  into  Flatiiead  River,  lat^  enters 

tihe  CSarik  Pork,  near  Plains,  Mont 

The  principal  boat  na\dgation  is  between  Somers  and  Poison.  During  1920  the 
commerce  on  this  lake  amounted  to  204,000  tons  valued  at  $1,100,800,  of  which  143,644 
tons  were  floated  timber  valued  at  $574,576;  also  about  10,000  passengers  were  carried. 

The  improvement  on  Flathead  Lake  consisted  in  removing  bowldera  from  Poison 
Bay  to  provide  a  channel  6  feet  deep  at  low  water  and  100  ftet  wide  with  a  turning 
basin  at  the  wharves  at  the  shore  end.  Iliis  work  cost  about  $4,500. 

A  ODEiiU  amount  of  wgA  rraaoving  snags  from  the  flalbead  Kiver  above  ^  lake 
was  also  done.   Tlie  improvement  was  completed  in  1910. 

The  Flathead  Kiver  directly  below  the  lake  is  not  navigable,  owing  to  excessive 
falls,  ' 

Kootenai  River. — This  river  rises  in  Canada,  flows  south  into  Montana  and  north 
again  into  Canada,  entering  the  Columbia  about  448  miles  above  the  Snake. 

Some  work  was  done  at  Jennings,  Mont.,  and  upstream  to  the  int^mtional  bound- 
ary in  removing  the  projecting  points  <d  canyon  walls  and  obstructive  rodks.  The 
cost  was  $5,000.  The  latest  report  <m  this  work  is  in  the  annual  report  for  1899. 
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Priest  River,  Idaho. — This  is  a  tributary  of  the  Pend  Oreille,  entering  the  latter  at 
Priest  River,  Idaho. 

The  commerce  is  all  floated  logs,  which  are  floated  from  points  up  to  50  miles  above 
the  mouth.  Dwtkog  1920  this  anoomeroe  amounted  to  310,000  tons  with  a  value  of 
$1,240,000. 

This  river  is  not  under  improvement  by  the  United  States. 

ZoJfce  Gmtf  d^Alene  tmd  St.  Joe  River,— The  St.  Joe  Bi^r  is  a  tributary  of  Lake 
Coeur  d'Alene,  and  the  latter  lake  flows  into  Spokane  River.  The  Spokane  enters 
the  Columbia,  about  319  miles  above  the  Snake. 

Vessels  operate  between  the  towns  on  Lake  Coeur  d'Alene  and  the  St.  Joe  River, 
a  distance  of  about  50  miles.  This  line  carries  30,000  passengers  and  3,000  tons  of 
freight  each  year. 

A  car  ferry  transpwts  a  daily  train  of  the  Or^n- Washington  Railway  &  Navigation 
Co.  betwecHi  Anwaco  and  Huxisen^  adistaneaef  6  niU0e,aiidaMtisd  75*^  pMsengers 
4l^l«lA20,  alio  3,000  tons  of  fiie^    Not  under  impmvement  by  the  United  States. 

OBNBBAlt. 

Navigation  on  the  tributaries  of  the  Odumbia  above  the  Snake,  except  hike  naviga^ 
tbn,  is  not  important  uid  probably  will  not  increase  rapidly  in  the  near  future.  It 
is  possible,  however,  that  the  Columbia  River  above  the  Okanogan  \vill  be  used  to  a 
considerable  extent  by  navigation  interests  to  aid  in  developing  the  Columbia  Valley 
prior  to  the  construction  of  a  railroad.  It  is  impossible  for  vessels  navigating  the 
Columbia  to  compete  with  the  railway  transportation  owing  to  the  excessive  cost  of 
upstream  navigation.  Should  the  river  in  future  be  regulated  by  the  crastruction 
of  power  dams  and  locks,  it  is  very  probable  ^t  it  will  be  used  to  a  large  extent  for 
the  purpose  of  navigation* 

Hig^  water  in  the  0(4«iad»a  and  its  txibutsries  occurs  during  the  sununw  months. 
•  In  the  Cdumbia  the  h^est  stage  is  near  July  1.  Low  water  is  in  February.  Wat^ 
rrawved  for  irrigation,  will,  therefore,  not  increase  the  difficulties  and  dangers  of 
navigation,  but  may  even  assist  navigation  at  such  places  as  Box  Canyon  and  Hell 
^te.  An  increase  of  the  low  water  flow  by  storage  would  be  of  great  assistance  to 
navigation  at  all  of  the  rapids. 

A  treaty  exists  between  the  Umted  States  and  Great  Britain,  which  requires  that 
the  Columbia  River  be  kept  open  for  navigation,  therel^i  shoukl  a  dam  be  con- 
structed 1^  the  Grand  Coulee,  under  the  Colundiia  Bann  pmjed;,  it  is  beliewd  it 
would  be  necessary  kx  tiie  dam  to  include  a  flj^t  <rf  locks  or  other  means  of  tmnsfer 
iv  the  acommiodation  of  cmnnmce.  Taking  Oie  devation  of  ihe  fixed  crest  at  1 ,108, 
maximum  hi^  water  1,138,  and  extreme  low  water  9S8,  there  would  be  required  five 
locks  of  40  feet  lift  to  overcome  the  total  fall  of  about  200  feet.  Each  lock  would  be 
45  feet  wide  by  265  feet  long  by  7  feet  deep,  and  it  is  roughly  estimated  that  these 
locks,  if  constructed  at  the  same  time  as  the  dam  and  made  a  pju-t  of  the  same  project, 
would  cost  approximately  $2,600,000»  which  will  include  an  entrance  diannel  at  the 
lower  end. 

It  is  believed  that  this  would  be  a  proper  charge  agmist  llie  parties  bmldii^  Uie 
dam  and  that  the  United  States  should  not  be  required  to  contribute  towaid  the  cost. 

Unless  the  above-mentioned  treaty  between  the  Un&ted  States  and  Great  Britun 
is  modified  by  agreement,  it  is  believed  that  it^ would  be  necessary  to  complete  the 
construction  of  the  locks  at  the  same  time  that  the  dam  at  the  Coulee  was  constructed, 
but  since  navigation  from  Canada  into  the  United  States  is  completely  obstructed 
above  the  Coulee,  by  Kettle  Falls,  it  seems  reasonable  to  suppose  that  there  would  be 
no  objection  imposed  by  the  Canadian  Government  to  deferring  the  completion  of 
the  locks  at  the  Grand  Coulae  until  KetHe  Falls  had  been  rendeied  nav^able  by  Utm 
constro^ara  of  locto. 


APPENDIX  B. 


BWIGAIiaN  AND  ¥OWm  IWVELOPIIBNT  AND  FQB8BIUIIEB  IN 

MONrANA. 

By  C.  S.  BMWMh,  State  Engineer. 


IBRXOATIOK. 

An  otttiine  of  the  ptwmt  a&d  proBpective  iixigftUle  uetm  wm  prepared  in  tile 
Stete  enguieer's  office  on  Jfovmlb»  6,  1921.  ISnce  that  time  Ili€ffe4uui  been  liftiid 
additional  infonnation  noted  on  the  subject,  so  the  table  is  repeated  here,  with  detailed 
remarks  fdlowing.  The  location  of  the  irrigated  and  irrigable  tracts  is  shown  on 
Plate  9. 


Swmmry  of  premmt  md  proepeeti^e  irrigatim  in  bamn  of  Cktri  Fork  in  Montana. 


Locality. 

Acres  irrigated. 

Sources  olli^iormation. 

Present. 

15-year 
Increase. 

Possible 
addi- 
tional. 

5,000 

1,000 
500 
34,40 

3,220 

6,000 
164,045 
131,177 

3  20,000 

1107,028 
1,000 

5i.000 

100,000 

Kalispell   Chamber    of  Commerce; 

checked  by  Bode,  Laaab  it  Walker. 
Buck. 
Walker. 

Nineteenth  annual  report,  U.  8.  BeslBK 

mation  Service. 
County  Surveyor  Johnston. 

Buck,  formerly  assistant  city  engineer, 

Butte. 
Buck. 
Do. 

Buck,  more  land  but  no  water;  north- 
west of  Phillipsburg. 

Buck  suggests  remote  possibility  10,000 
acres  ^wan  River;  Xamb  says  im- 
possible. 

East  side  of  lake  

U.  S.  ReclamatlaiSmiBIb  Hat- 
head  project. 

fiandenCounty,  except  Flathead 
project. 

Silver  Bow  County  

500 

ai,40 

3,000 

1,000 
IM^OOO 

31,800 

Deer  Lodge  Cocmty  

Poweil  County  

Granite  County  

Mtaoola  County,  except  Flat- 
iMadprcject. 

BavalU  County  

lOncnJ  County  

112,672 
17,070 

1,000 

* 

113,589 

65,000 
30,000 

58,800 

25,000 
14,000 

274,223 

,  77,284 

425,600 

1  Census  figures  for  10-year  period  1909-1919. 
>imitenBebetw^e8Bsaa5IMB7aDd  Flatbead  proje^^ 


Jriea  oftot^  FlaOmi  Lake.— The  estimates  iar  Has  area  were  given  by  Mr.  P.  N. 
Bernard,  secretary  of  the  Kalispell  Chamber  of  Commerce  and  are  considered  reason- 
able by  Mr.  Buck,  Mr.  Lamb,  and  Mr.  Walker.  Mr.  Buck  is  assistant  chief  engineer 
for  the  public  service  commission  and  duiing  the  summer  of  1920  made  a  study  of 
the  irrigated  and  irrigable  lands  of  the  State  for  the  commission.  Mr.  Lamb  has 
been  district  engineer  of  the  United  States  Geological  Survey  at  Helena  the  paat 
12  yeara.  Mr.  J.  W.  Walkw  ip  an  old  reaidAnt  ol  lUUqpe^ 
and  is  now  State  toeamer. 

The  cmmty  sweyor,  Mr.  F.  P.  Scott,  cwipiled  a  list  du>wing  4,122.12  acres  above 
the  lake  irrigated  in  1920  taken  from  the  county  records.  Mr.  A.  L.  Saunders,  civil 
«a^i;ineer,  now  with  the  State  highway  commisdon,  who  has  a  hoiae  in  the  Flathead 
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APPENDIX  B. 


IRRIGATION  AND  POWER  DEVELOPMENT  AND  POSSIBILTD 

MONTANA. 

By  C.  S.  HeibeIi,  State  Engines. 


IN 


nuuoATioir. 

An  outline  of  the  present  and  prospective  irrigable  areas  was  prepared  in  the 
State  engineer's  office  on  November  6,  1921.  Since  that  time  there  has  been  little 
additional  information  noted  on  the  subject,  so  the  table  is  repeated  here,  with  detailed 
remarks  ioUowii]^.  The  locatioii  of  the  irri^ted  and  irrigable  tracts  is  shown  on 
Plate  9. 

Summary  of  present  and  prospective  irrigation  in  basin  of  Clark  Fork  in  Montana. 


Locality. 


AtMyve  Flathead  Lake.. 


Proetor  and  west  side  <tf  lake  

East  side  oflake  

U.  S.  Keclamation  Service,  ITlat- 

head  project. 
Bandars  CcR^y;  exo^  Ftetiwad 

moieet. 

Silver  Bow  Coanty  


Deer  Lodge  County 

PoweU  County  

QraotteCoiiaiy.... 


Hissoola  Coonty,  exeq^t  I1a^ 
bead  pvoiect. 


Bavalli  County, 
liiiieral  Comity . 


Total. 


Acres  irrigated* 

Fcmat. 

15-year 
increase. 

Possible 

addi- 
tional. 

5,000 

5,000 

100,000 

1,000 

500 
34,453 

566 
34,453 

1.000 
100,000 

s,2ao 

3,000 

31,800 

800 

6,000 
164,045 

iai,i77 

1 12,672 
17,070 

65,000 
30,000 

2  20,000 

1,000 

58,800 

1  107,028 

1,000 

* 

1 13,589 

25,000 
14,000 

274,223 

77,284 

425,600 

Somfoes  Of  informatioa. 


Kalispell  Chamber  of  Commerce; 
checked  by  Buck,  Lamb  &  Walicer. 

Buck. 
Walker. 

Nineteenth  annual  report,  U.  S.  Reda- 

mation  Service. 
County  Surveyor  Jcdmston. 

Buck,  formerly  asristant  dty  engineer, 

Butte. 
Buck. 
Do. 

Buck,  more  land  but  no  water;  nortli- 
west  of  Phillipsburg. 

Ba(^  suggests  remote  possibility  10,000 
acres  Swan  Kiver;  Lamb  says  im- 
possible. 

Buck. 
Do. 


1  Census  figures  for  10-year  period  1900-1919. 

>  Difference  b^meneensQsSI^  and  JHatheadpro^ 

Area  above  Flathead  Lake— The  estimates  for  this  area  were  given  by  Mr.  P.  N. 
BvoBxdf  secretary  oi  tbe  Kalispell  Chamber  of  Commerce  and  are  considered  reason- 
able by  Mr.  Buck,  Mr.  Lamb,  and  Mr.  Walker.  Mr.  Buck  is  assistant  chief  engineer 
for  the  public  service  ccmunission  and  during  the  summer  <tf  1920  made  a  study  of 
the  irrigated  and  irrigable  lands  of  the  State  fw  the  c<»mDis8ion.  Mr.  Lamb  has 
been  district  engineer  of  the  United  States  Geological  Survey  at  Helena  the  past 
12  years.   Mr.  J.  W.  \\'alker  is  an  old  resident  of  Kalispell  and  the  Flathead  Valley, 

and  is  now  State  treasurer. 

The  county  surveyor,  Mr.  F.  P.  Scott,  compiled  a  list  showing  4,122.12  acres  above 
the  lake  inigated  in  1920  taken  from  the  county  records.  Mr.  A.  L.  Saunders,  civil 
engineer,  ncm  with  the  State  y^way  commiedon,  who  has  a  home  in  the  Flathead 
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Valley  southeast  of  Kalispell  and  has  lived  there  for  yeaw,  has  gfiven  a  list  of  approxi- 
mately 2,000  acres  additional  which  have  been  irrigated  and  500  or  600  more  which 
will  be  irrigated  next  year. 

Mr.  C.J,  Moodyy  project  manager  United  States  Reclamation  Service  at  St.  Ignatius, 
made  a  reconnaiasaiice  tot  the  Kaliq)eU  Chamber  of  Commefce  and  drew  a  rotigh 
ricetch  ottttuiiitg  tncts  c<mteiiiiiig  possibie  irrigable  ftreas  above  the  hike.  Them 
eoili&ee  ^twace  a  tcrtal  of  over  150,000  acme.  In  additbn  to  this  Mr,  F.  B.  Scott, 
cbtmty  surveyor,  confiidm  pcHiioiiB  of  large  additioiial  ttactB  itrigalde.  LilliB  and 
Bickel  made  a  report  in  1906  on  irrigation  poseibilitiee  above  the  lake.  Thin  survey 
included  about  half  of  the  same  area  as  covered  in  Mr.  Moody's  suggested  districts, 
and  indicates  about  100  sections  under  canals  heading  on  the  south  fork  of  the  Flat- 
head, the  Flathead  below  Columbia  Falls,  and  Whitefish  River.  On  January  22, 
1921,  Mr.  A.  L.  Jaqueth  repwted  on  the  proposed  Flathead  irngatioa  district,  lying 
aemtheart  ol  Kalkpell  between  the  river  and  lake.  The  main  source  of  supply  was 
to  be  from  the  StiUvater  with  a  proposed  auxiiiary  canal  from  Whitefish  fiiver. 
The  irrigable  area  was  found  to  be  11,140  aims  and  an  additional  area  of  12,000  acres 
between  the  Flathead  and  Whitefish  Rivem  was  suggested.  Mr.  Moody  of  ibe  Bechk 
mation  Service,  made  a  preliminary  survey  for  the  Talley  Lake  irrigation  district 
which  includes  8,000  or  9,000  acres  west  of  Stillwater  River  in  T.  29  N.,  R.  22  W. 
This  area  is  not  included  in  the  Lillia-Bickel  report,  but  is  covered  by  Mr.  Moody's 
reconnaissance. 

In  claiming  100,000  additional  irrigable  acres,  Mr.  Bernard  int^ded  to  be  con- 
attvirtive,  and  it  is  believed  he  gave  a  6goxe  which  is  leasraahle. 

WeU  mfe  of  loie.— Th»e  iecrandeiaMe  land  wliich  nmy  eve^nally  be  iirigated 
sontiiwesi  <Sf  Ihe  lake  by  pumping  from  tiie  lal^*  Tfeda  has  not  bew  mduded  because 
no  estimates  were  available.  Aloi^  most  oi  tiie  wert  Aon  both  inigaUe  land  and 
water  supply  are  limited. 

East  side  of  lake. — There  is  not  much  irriga])le  land  here  and  only  a  rough  approxi- 
mation could  be  made  because  of  the  limited  development. 

United  States  Reclamation  Service,  Flathead  Indian  project. — The  twentieth  annual 
report  of  the  United  States  Reclamation  SerAice  gives  the  total  irrigable  acreage  as 
124,500.  Because  of  an  irrigation  disteict  beii^  ^v^xwed  along  the  Little  Bitterroot 
to  irrigate  lands  that  have  bem  withdiawit  from  the  MaHiead  pvo|6ct»  the  acveage 
is  left  as  estimated  in  the  mnetemth  report. 

Smidm  €minty  except  Flathead  projecL-^On  September  27, 1921^  at  ThMnpson  Falla, 
County  Siurveyor  Johnston  gave  the  followii^  estimates  of  irrigable  areas  in  Sandm 
County: 


Locality. 


Plaiiis: 

By  gravitjr  from  Cedar  Creek.  

By  pumping  

By  gravity  ifnmi  Swamp  Creek  (south  d  riTer)  

Thompson  Fails: 

East  of,  from  Thompson  River  

Prospect  Greek  ( south  of  river)  

South  of  River  near  Whitepine  from  Beaver  and  Little  Beaver  Creeks  

Trout  Creek  (south  of  river)  

Martin  Creek  i, south  of  river)  

Swamp  Creek  fnear  Trout  Creek)  

Noxon,  from  Rock  Creek  

Bull  River  

Weeksville,  from  Buffalo  Bill  Creek  

Squaw  Creek  (north  of  river)  

Graves  Creek  (north  of  river)  

Heron,  from  Elk  Cre^,  10  to  12  sections  of  cutjver  bench  irrigable  but  not  enough 
water  


TotaL. 


Now 
irrigated. 


Passible 
addft- 
ttauaL 


700 


80 


2,000 
200 
80 
160 


3,220 


2,300 
3,000 
%M» 

2,500 
1,000 
10,000 
2,000 
1,000 
3,000 
1,000 
2,600 


2,000 
31,^ 
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Mr.  Hillman.  county  agent,  stated  that  in  addition  to  the  abovt;  the  Camas  Valley 
needs  about  20,000  acres  additional  irri'^ted,  but  the  water  supply  is  doubtful.  Plans 
are  now  being  perfected  (Mayi  1922)  for  hydroelectric  puu^>iug  to  irrigate  3,600  acres 
near  Platoa* 

5tfa?er  Bow  County, — ^The  present  irrigation  is  to  a  large  extent  for  truck  gardens, 
etc.,  along  Silver  Bow  and  Blacktail  Creeks,  and  there  is  litUe  chance  for  development. 

Deer  Lodge  County. — The  principal  irrigated  afeas  are  along  Warm  Spriog  Greek, 
Loet  Greek,  and  Deer  Lodge  Riyer.  Because  water  is  lacking  to  supply  present 
developm^t,  wat^  is  sometimeB  pumped  over  the  divide  from  Oeoigetown  Lake  m 
Granite  Couinty*  Some  land  formerly  irrigated  has  been  abandoned. 

PoweU  Coun^f.— Mr.  Buck  estimated  the  following  additional  acre^  irrigable: 

Acres. 

Sou Aweet  of  Ovando   15,000 

Around  Ovando  -  2G,0(» 

Flat  aiound  HetanviUe  and  east  Of  Blaekfeot  Biver,  kidvdii^  Coopect  Lake 
irtigation  difltvict.  -  9**00* 

Total    65,000 

A  narrow  fimgs>  may  be  added  to  the  lancto  ahready  irrigated  along  the  £[dlgate» 
Deeir  Lodge,  and  Little  Blackfoot  Rivm. 

GnmiU  Qmnty. —  Acres. 

Along  Bock  Creek  10,000 

Along  Flint,  Hellgate,  and  loweir  Bock  Creeks   20, 000 

Total  30,000 

Mr.  Eaile  B.  l^vtton,  county  surveyor,  coukl  give  no  addi^nai  data. 
MummU  Cbtm^.—Mr.  Bui^  cKmsiden  the  fetioinQf  areas  as  irrig^^ 

Acres. 

On  Clearwater  Riv«.   4, 000 

Nine  MUe  Prairie.   3,000 

MisaoulaFlat  10,000 

DeSmet  10,000 

I>^renchtown   8,000 

Totid,  irrigable  under  jfxmmt  conditions   .  95, 000 

Eveaatuidly  the  following  may  be  eoncdd^red  irri^^il^e: 

Around  Clinton,  up  the  Clark  Fork  Biv^   6,000 

Above  Bonner  along  Blackfoot  Biver   800. 

Nine  Mile  Fnurie,  Belmont  Creek  to  Clearwater  station  in  addition  to 

3,000  above  note   5, 000 

Bench  between  Sunset  Creek  and  Clearwater  Biver  (pump  150  feet)  - .   5, 000 

De  Smet  by  pumping  *   5, 000 

Hayes  (a  big  bench)   2,000 

Stark- Alberton   1, 000 

  23,800 

Total  58»800 

Mineral  County, —  Acros* 

Miles  Flat  (east  of  Quartz)   3,000 

Above  Miles  Flat   2, 000 

At  St.  Regis   1.000 

West  side  bench  north  of  Quartz     5, 000 

Very  remote: 

Around  Iron  Mountain  *   '^0^ 

Around  St.  Regis   500 

Around  Haugan-Sal tese  •  ••.-.^..-..1   500 

East  eade  above  Quarta  (near  Cyr)   1<  500 


Total 


14,000 
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Ravalli  County. — Farming  was  begun  m  the  Bitteimot  Valley  in  1842,  and  it  is 
one  of  the  oldest  irrigated  regions  in  tibe  State.  Then  arowvnal  iriigiition  di^^ 
at  w^.as  private  ditdiee  induded  in  tibe  orasus  figures;  The  Bittemiot  irrigation 
distrirt  formed  to  rebuild  tiie  syBtem  irrigating  land  under  the  Bitterroot  Valley 
Irrigation  Co.  ditch  has  recently  applied  to  the  irrigation  district  bond  commission  for 
the  certification  of  $1,140,000  worth  of  bonds. 

The  following  figures  are  taken  from  the  Montana  Bulletin  of  Ae  Fourteenth  United 
States  Census,  1920; 

Acreage  irrigated,  classified  by  drainage  basin,  1919  and  1902. 


Tributaries  of  GcAumbia  River  

Clark  Fork  and  tribatarles  , 

Clark  Fork  direct  , 

Missoula  River  and  tributaries  , 

Missoula  River  direct  ^  

Hellgate  River  

Bitterroot  River  

Bis;  Blackfoot  River  ^  

Other  tributaries  of  Missoula  River. 
Flathead  Rivw  


Area  irrigated* 


Acres. 
291,966 
285,984 
2,882 
238,709 
2,550 
77,381 
112,622 
40, 604 
5,612 
44,333 
5^962 


Acres, 

232,451 

229,851 

2  8,808 
221,043 

1, 181 
78, 139 
98,965 
36,622 

3  6,136 
(*) 


Per  cent 
creasa.^ 


25.6 
24.4 
-67.3 
8.0 
115.9 
-1.0 
13.8 
10.9 
-8.5 


Area 
included 
in  enter- 
prises, 

1920. 


Acres. 

616,080 

601,657 
14, 4a3 

433,021 
8,332 

165,391 

158, 241 
83,716 
17,j351 

154,233 


Area 
enter- 
prises 
were 
capable 
of  irrigat- 
ing in 
1920. 


A  ores. 

443,  m 
4, 722 
325,992 
5,777 
108, 161 
139, 481 
61,476 
11.097 
113. 150 


1  A  minus  si,?n  (-)  denote^  decrease.    Per  cent  not  shown  when  more  than  1,000. 

2  Includes  sprint^s  and  wells  and  aU  sources  in  the  Columbia  River  drainage  basin,  exclusive  of  the  lOa- 
soula  and  Kootenai. 

3  Includes  springs  and  wells. 

*  Not  reported  separately  in  1902. 

These  indicate  a  oonstderable  acreage  already  considered  irri^iable  under  projects, 
which  in  the  natural  progress  of  settlement  will  certainly  be  irrigated  and  make  up  a 
large  part  of  the  acreage  classed  as  '"possible  additional"  in  the  previous  tables  for 
Montana.  This  indicates  that  the  e^tiinates  of  prospective  ixtigiibed  aneafl  may  be 
considered  reasonable. 

Water  depletion  due  to  irrigation  in  Montana— The  question  of  duty  of  water  and  net 
d^etion  due  to  irrigation  is  me  about  which  nothing  very  definite  may  be  said. 
H0wevw»  after  studying  the  available  data  from  tiie  Fladmd  ^ject  and  db^where, 
I  am  M^sfied  wtlJi  tbe  aUowmnces  suggested  in  the  studies  made  by  the  Columbia 
l^vw  board. 

Of  course  I  have  no  authority,  and  no  other  representative  or  officer  of  the  State  has 
authority  under  our  laws  to  make  a  claim  which  will  purport  to  limit  the  State  to 
the  use  of  a  certain  maximum  amount  of  water  for  irrigation  or  other  purposes.  We 
can  only  estimate  the  probable  maximum  irrigable  acreage  and  make  an  '^^'^^t^ 
of  the  water  which  may  be  thus  consumed,  and  this  has  been  dcme. 

This  maximum  amount  of  future  dej^etion  has  hem  estimated  in  the  previous 
studies  as  loUewe: 


Flathead  River  above  lake  (100,000  additional  acres): 

October  to  April  (5,000  acr^-feet  per  month)  for  winter  stoiage. 
May  


Jxme  

July  

August  

September. 

Total... 


Aore-fBet. 
30,000 
13,000 
31,000 
50,080 
2S,000 
6,000 

160,000 
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Clark  Fork,  exclusive  of  Flathead  Eiver  above  lake  and  Flathead  project 
(about  225,000  additional  acres):  Xcr^m. 
May   95^e0» 

Jwae   85,00» 

Jwly-  -   85,000 

August-   60,000 

September.   35,000 

Total   300,000 

Flathead  Indian  project,  United  States  Reclamation  Service. — ^The  lands  irrigable 
under  this  project  will  be  served  by  diversions  from  Crow  and  Mission  Creeks  and 
Jocko  and  Little  Bitterroot  Rivers,  supplemented  by  storage  in  several  headwater 
and  valley  reservoirs.  Storage  will  deplete  the  natural  flow  from  about  October  to 
Jane,  div^nnon  of  natural  flow  from  May  to  Sept^ber,  wbH/B  return  watevs  may 
largely  <^bet  the  effect  <rf  divenEd<m8  after  August  1.  The  depletion  that  dhouM  be 
used  in  hydrographic  studies  of  the  riv«r  below  is  the  difference  between  actual 
depletion  and  the  amount  which  would  have  occurred  had  the  entire  Flathead  project 
irrigation  system  been  in  operation.   Yearly  totals  have  been  estimated  as  follows: 


1  Estimated. 


Yaar. 

Acm-fcBt. 

Yw. 

Acfe-ftot. 

1907  

1207,000 
207,000 
179,000 
165,000  1 
191,000 
191,000  . 
202,000  1 
166,000  ; 
194,000 

1916  •  

198,000 
163,000 
163,000 
67,000 
79,000 
1 100,000 

1908  

1917  

1918  

1919  

Iftll  

1920  

im  

1921  

1913  ,  

Mettn  

1914  

The  distribution  of  these  depletion  values  by  months  will  vary  with  the  character 
of  the  run-off  from  year  to  year,  and  can  not  be  closely  foretold;  for  purposes  of  con- 
verting lower  Clark  Fork  flow  it  may  be  estimated  as  follows: 


Month. 


October... 
November 
Deoembw. 
January... 
February - 

Ifaieh  

April  


Percentage 
of  estimated 


3 
3 
3 
3 
3 
5 
20 


Average  for 
1908-1920 

(aoe-leet.) 

Moath. 

Percentage 
of  estimated 
depieiiflp. 

Average  for 
19^j9f) 
'  (SOBS'tBi^Ki) 

5,000 
5,000 
6,000 
5,000 
5,000  , 
8,000 
16^000 

July  

Yewr  

20 
30 
15 
5 
0 

33,000 
50,000 
25,000 
^000 
0 

100 

165,000 

Value  of  expansion. — The  irrigable  areas  within  the  Columbia  River  Basin  in  Mon- 
tana are  comparatively  limited  and  require  but  a  small  proportion  of  the  total  run-off 
of  the  watershed.  Therefore,  it  seems  advisable  to  protect  these  areas  in  their  water 
supply  and  encourage  development.  As  an  indication  of  the  value  of  irrigation  in 
the  Clark  Fork  basin  the  following  figures  for  the  Flathead  {Mroject  for  1920  from  the 
Twentieth  Annual  Beport  of  United  States  Beckunatkm  Swvice  may  be  quoted. 

Value  of  irrigated  crops  per  acre  cropped  $23.  85 

Value  of  dry-farmed  crops  per  acre  oropped   5. 00 
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Ibese  figmw  ooverad  ieO»000  acres  ef  noninigated,  taxd  31,349  acres  of  irrigated 
land,  and  cleiffiy  riiow  the  advantage  to  the  community  of  having  irrigated  land. 
The  records  of  the  United  States  Bureau  of  Markets  and  Crop  Estimates  give  the 
following  figures  as  representing  returns  for  the  year  1920  from  11,965  farms  in  31  of 
the  Montana  counties. 


Crop. 

Acres. 

Yield, 

Spring  wheat: 

763,062 

152,370 
1%968 

L678 
1,234 

17,574 
61^806 

BtuheU. 
6.15 

n.m 

11.90 

Oats: 

Potatoes: 

58.50 
146.09 

Tons. 
1. 51 

Alfalfa:                                                                      .   •  -  «  

Trrigatfta       ..  .  * 

The  above  figures  may  not  be  typical  of  the  enlire  s£ate,  and  some  of  the  land 
listed  as  "nonimgated"  may  be  low  subirrigated  ground.  But  the  comparative 
yields  indicate  the  value  of  irrigation. 


POWER. 

JOevdopei  power  stle«.---The  Mai  developed  power  in  Cladc  Fwk  Basin  in  Montana 
is  dig^tly  in  excess  of  50,000  hcmepower,  as  shown  in  the  following  table: 

Devdoped  power  in  CImi  Fork  drainage  barin  in  Montana, 


IVtma  U.  S.  GeoU^ical  Survey.] 


Ownership. 

Town  and  county. 

Stream. 

Location  of  power 
plant. 

* 

Bated  o^ac^. 

Head, 
ftmbay 

to  taU- 
race. 

Water 
wheels. 

Oeosr*- 
atucB. 

Ameonda  Copper 

Mining  Co. 
Granite  County 

Power  Co. 
Mission  K  a  n  f « 

Power  Co. 
Missoula  Li^t  A 

Water  Co. 
Mountain  States 

Power  Co. 
Saltese  Electric 

Light  &  Water 

Co. 

Thompson  Falls 
Power  Co. 

Phillipsbnrg, 

Granite. 
Maxville,  Granite. 

FviiSQa,  Flathead.. 

Missoula,  Mis- 
soula. 

Kalispell,  Flat- 
head. 

SaUese,  Mu»d... 

Thompson  Falls, 
Mineral. 

Flint  Oeek... 

 do  

mgCmk  

Missoula 

River. 
Swan  River... 

Clark  Fork.... 

Sec.  36,  T.  6  N.,  R.  14 

W. 

Sec.  33,  T.  9  N.,  R.  13 
W. 

Sec.4,T.9tN.,B.]0 

W. 

Sec.  20,  T.  13  N.,  R.  18 

W. 

Sec.  30,  T.  27  N.,  R.  19 
W. 

Sec.io,.T.19M»R.31 
W. 

Sec.3,T.'21N.,B.29 
W. 

Horse- 
power. 
1,340 

1,000 

m 

3,200 
1,900 
60 

43,300 

K.  V.  a. 
1,000 

760 

MO 

2,400 
1,610 
80 

37,500 

Feet. 
580 

61 

m 

30 
110 
100 

50 

51,500 

43,990 
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FeamUe  widevdaped  «tte9.*— No  eraqplete  soivey  d  na^»  aa  widl  as  laige,  uade^el* 
oped  sites  hM  beam  fepwtfod.  Mr.  E.  W.  Kxwswrdistaset  lQrAx>d6Ctric-eiigiii6W/ 
United  States  Foroet  Service,  Miflsoiiila,  has  made  a  study  of  tfae  larger  sites  in  Itoataaa, 
whidi  was  published  in  the  Electrical  World,  July  16,  1921.   The  following  is  a  sum* 

mary  of  the  known  sites  believed  to  be  feasible: 


Flathead  River  below  South  Fork  

Flathead  River  below  Poison  

Clark  Fork,  Flathead  Kiver  to  tbe  Idaho 

line. 

Upper  Clark  Fock,  Fii^  Cnok  sttiL  

Swan  River  •  f.  


Avail- 
able 
head, 
in  feet. 


90 
303 

140 

108 
140 


Nominal  stream* 
flow  in  second- 
feet. 

Continuous 
power,  effective 
horsepower. 

With- 
out 

stor- 
age. 

With 
stor- 
age. 

With- 
out 
stor- 
age. 

With 
storage. 

12,000 
69,000 

1  12,000 
165.000 

2,500 

6,000 

6,300 

8,900 

275,000 

^106,000 

24,000 
3  2,500 

1  24,000 
3  8,000 

Aathority. 


Kramer. 

Columbia  River 
Board. 
Da 


Do. 


1  No  storage  available. 

*  43,300  horsepower  is  now  developed. 

«  %500  bon^Mww  Is  now  devtio^^ 

Power  devdopment  estimated  at  30,000  horsepower  on  the  ^thead  above  Canyon 
Ckeek  has  hem  suggested.  Hits  would  flood  Irads  in  Gladar  Natiraal  Park  and  is 
not  consid^ed  feadble. 

The  above  estimates  of  power  on  Flathead  River  and  Clark  Fork  were  made,  using 

a  storage  capacity  of  1,600,000  acre-feet  in  Flathead  Lake,  and  a  range  of  stage  of  13  feet 
up  to  maxim  im  of  93  feet  on  the  Poison  gauge.  Thia,  however,  can  not  be  accepted 
as  a  definite  allowable  range  of  stage  until  further  surveys  and  studies  have  been  made. 
Higher  estimates  which  tiave  been  made  on  the  basis  of  a  30-foot  range  of  stage  can 
not  be  considered. 

The  heads  available  on  the  Flathead  at  three  of  the  sites  listed  by  La  Rue  were 
added  to  give  the  303  feet,  lliey  are  No.  1,  or  Newell  Tunnel  site,  167  feet;  No.  2 
in  NW.  i  of  sec.  22,  T.  33  N.,  R.  1  W.,  48  feet;  No.  4  in  S.  }  of  sec.  1,  T.  19  N.,  R. 
22  W.,  about  40  miles  below  the  lake  outlet,  88  feet.   Other  sites  which  have  been 

reported  are  not  considered  economically  feasible. 

The  available  heads  at  the  Thompson  Falls,  Donlan  and  Rock  Island  sites  on  Clark 
Fork,  namely,  50,  40,  and  50  feet  were  added  to  obtain  the  140  fe(?t  considered  above. 

Some  difficulty  may  be  experienced  in  converting  Swan  Lake  into  a  reservoir  be- 
cause of  the  investment  in  summer  homes  there. 

These  eetimates  indicate  a  probable  total  additional  develofment  on  ike  Clark 
Votk  and  major  toibutaries  in  Montana  of  270,500  hwsepower. 

Cfeneral  conridmUionB  on  power. — figures  c<Hnpiled  by  the  Montana  Public  Service 
Commission  in  1921  credit  the  entire  State  with  294,292  developed  horsepower  and 
684,650  undeveloped  horsepower.  (Mr.  Kramer's  paper  was  used  in  making  the 
compilation.)  A  table  compiled  by  the  State  engineer's  office  in  1912  shows  about 
111,003  horsepower  developed  at  that  time.  The  State  is  sparsely  settled,  its  area 
being  about  147,000  square  miles.  The  population  in  1910  was  376,053  and  in  1920 
it  was  548,889.  It  is  reasonable  to  assume  that  the  growth  of  population  and  conse- 
quent increasii^  power  requirements  will  oontinue,  l^^d  it  would  be  wifrim  to  handi* 
cap  the  rising  gen»»tion  by  placii^  any  grei^  restriction  on  ibe  amount  of  power 
to  be  developed. 

Owing  to  the  recent  industrial  defMression  some  of  the  mining  and  other  industries 

were  for  a  time  operating  on  a  reduced  basis,  but  conditions  are  now  rapidly  approach- 
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in?  the  former  state  when  practically  the  entire  developed  power  was  in  uae.  There- 
fore new  power  sitee  must  be  developed  before  power  can  be  supplied  to  new  industrial 
activiti^*  The  uses  for  the  power  will  be  the  additional  electrification  of  laiboads, 
mining  and  metallurgy,  domestic,  pulp  and  paper  mills,  and  other  industrial  uses. 

There  are  about  90  miles  of  electrified  on  the  Butte,  Anaconda  &  Pacific 
Bailway  and  the  ^ectrified  division  of  the  Chicago,  Milwaukee  &  St.  Paul  Riilway 
extends  440  miles.  The  latter  requires  a  maximum  of  about  40,000  horsepower  or 
about  91  horsepower  per  mile.  Of  the  4,900  miles  of  railroad  in  the  State,  about 
2,000  miles  of  the  main  lines  of  the  Great  Northern  Railway,  Northern  Pacific  Rail- 
way, and  Chicago,  Milwaukee  &  St.  Paul  Railway  are  not  electrified.  At  91  hoise- 
power  per  mile  this  would  require  an  additio^l  infitallation  of  183^000  horaepower. 

The  mining,  milling,  noaltix^,  and  refining  activities  consume  on  the  avN'age  about 
^»000»000  kilowatt  hours  annually,  or  nearly  115,000  horsepower.  There  are  vast 
bo^es  of  iron  ore  untouched  and  other  metalliferous  deposits  which  in  time  will 
require  power  for  treatment. 

The  use  of  electric  power  for  irrigation  pumping  is  becomiag  more  general.  At 
the  present  time  in  Montana  there  are  about  20,000  acres  irrigated  by  electrically 
operated  pumping  plants  and  it  is  probable  that  extensive  developments  along  thia 
line  will  take  place  in  the  course  of  a  few  years.  Plans  are  now  being  completed  for 
irrigating  3,600  acres  in  Sanders  County  by  hydroelectric  pumping. 

As  an  indication  of  ^e  present  amounts  of  power  used  ior  various  purposes,  the 
following  percentages  of  ^e  Montena  Fb^r  Co.  's  gross  load  for  1920  may  be  giv^. 
(This  craapany's  plants  have  a  total  generating  capacity  of  283,000  horsepoww.  See 


Fl.  10  for  their  location.} 

Per  cent. 

Smelting  and  reduction   26. 29 

(3ommercial  and  municipal  lighting   24. 00 

Copper  mining   14.  79 

Electrified  railroads  *     12. 18 

Miscellaneous  power   10-54 

Coal  and  other  mining  *  , . ,  10. 80 

]^ect«G  heating    ,  , . .  1. 90 


Total  ,  moo 

The  people  of  the  State  are  accustomed  to  the  use  of  a  great  deal  of  power.  The 
annual  consumption  of  the  four  leading  States  in  kilowatt  hours  per  person  per  year  is 
as  follows: 

HontMia  4..     2,061 

Idaho  ;  1,361 

Oaliforaia  1,086 

Washington  ,   883 


The  streets  of  the  Monteui  citiee  are  better  lifted  than  are  those  in  most  other 
localities.  TbB  w&c9g&  per  capita  expenditure  for  street  lighting  in  the  United 
States  is  71  cents.  The  average  for  the  Western  States  is  80  cents  while  in  Montana 
it  is  11.19.  '\r 

Theye  notes  are  presented  for  the  purpose  of  showing  that  Montana  is  now  using  its 
developed  power,  that  it  will  soon  require  additional  hydroelectric  development,  and 
that  because  of  the  limited  power  available  in  the  State,  reasonable  safeguards  shoidd 
be  given  onr  power  sites  so  our  resources  may  ultimat^y  be  so  developed  as  to  best 
serve  tiie  people  of  the  State. 

The  estimates  of  feasible  power  herein  given  are  greatly  below  those  listed  as  smal* 
able  1^  several  Federal  reports.  But  a  careful  reading  of  the  report  ol  the  comsnamma 
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of  corporations  dated  March  14, 1912,  which  contains  Hie  earlier  estimates  will  show 
that  those  figiu'es  are  greatly  in  excess  of  commer<  ial  possibilities. 

While  the  State  is  anxious  for  the  reasonable  utilization  of  all  water  resources,  it 
must  insist  on  protection  of  vested  rights.  W  hile  anxious  to  see  the  Flathead  power 
developed,  the  possible  damages  of  strrage  are  so  great  as  to  warrant  more  thorough 
investigation  before  action  is  taken.  Therefore,  it  will  be  conddered  satisfactory  if  a 
preliminary  pemit  is  0»nted  for  the  pmrpose  cf  protecting  an  applicant  while  making 
surv^jn^  ^dies,  and  dedans  ef  ilathead  development,  with  tiie  understanding  that 
the  State  will  be  fully  advised  of  the  plans  md  be  g^vm  a  further  heuing  before  final 
designs  are  adopted.  ^  ' 

WAX£R  lU^HXa. 

Water  right?  may  be  acquired  by  appropriation  and  beneficial  use  as  provided  in 
sections  7093  to  7135  of  the  Revised  Codes  of  1921. 

The  present  status  of  rights  to  the  water  of  any  Montana  sfaceam  is  extremely  un- 
certain imless  th^  has  be»  an  adjudication  by  tito  Stale  on  Federal  csourt.  There  is 
no  limit  to  fdhn  iBtama^^  wiit^  tlurt;  may  belled  <m,  no  ftovkiM  ier  filmg  all  water 
ri^^ts  in  one  contry  office,  and  the  county  records  ccmtain  duplicates  and  many 
fiUogs  of  rights  which  have  been  abandoned,  but  still  remain  of  record.  Many  rights 
have  been  perfected  by  use  of  which  no  record  has  ever  been  filed.  This  causes  a 
confused  condition  which  continually  grows  worse  until  the  waters  of  a  stream  are 
finally  adjudicated. 

The  Bitterroot  and  some  of  the  other  tributaries  of  the  Clark  Fork  in  Montana  have 
been  adjudicated,  but  so  far  as  we  have  learned,  no  decree  has  ever  been  made  erf  the 
«  Flathead  Biver,  and  only  one  n^t  decreed  from  the  Clark  Fork. 

This  waa  antmd  July  1»,  1910,  in  file  950  ol  the  United  States  XMstriet  Court, 
decrees  15,250  second^feet  tar  powar  development  and  other  industrial  purposes  to 
Edward  Donlan  and  the  Northwestern  Development  Co,   This  decree  gives  the  dates 
erf  appropriation  as  follows: 

Second-fe^. 

Mardh,1905  i,250 

January,  1906  •   2,000 

December,  1906   5.  ooo 

June,  1909    7,000 

These  rights  and  several  othm  sate  now  iMsmi  hy  ^be  Meiitaiiii  Power  Co,  as 
allying  to  it8/E1i<mip0on  SUis  pkn^ 

No  {Hfoviflion  is  made  in  the  M<mtana  laws  for  ston^  of  water  within  the  Stattj  fop 

use  outside  its  boundaries.  In  fact,  some  of  the  residents  were  so  alarmed  at  rumors 
of  plans  of  the  Columbia  Basin  survey  to  flood  agricultural  land  by  usin^r  Flathead 
Lake  as  a  storage  reservoir  that  the  1921  legislature  passed  the  following  resolution: 

Senate  Joint  Eesolution  No.  1. 
A  J<^t  Resolution  relating  to  the  efforts  of  the  State  of  Washington  and  the  citizens  thereof  to  dain  the 


"UMflT  whfll;  is  ealled  Ihe  Cdfomlte  BMn  irrigatliKi  project. 

Whereas  it  has  been  called  to  the  attention  of  this  assembly  and  meml^ers  thereof, 
that  the  State  of  Wa8hiM;ton  and  its  citizens  are  seeking  to  reclaim  a  large  area  of 
hoida  enturdy  witMn  saia  State,  by  a  system  known  as  the  Columbia  Basin  imgation 
pfo|ect,  and  to  isecure  the  waters  thereto,  it  is  the  purpose  of  the  promoters  of  said 
project  to  construct  a  dam  across  the  outiet  of  Flamead  Lake  in  Flatiiead  County, 
Mont ,  thereby  raifiii^  tihe  waten  of  said  lake  10  to  14  feet  above  noraud  low  waW 
mark;  and 

AVhereas  in  so  doing,  approximately  20,000  acres  of  the  best  farm  lands  above  and 
around  said  lake  will  be  inundated  and  rendered  valueless  and  many  homes  on  said 
lands  and  the  shores  oi  said  lake  destroyed;  and 
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Whereas  the  city  oi  K^liapell  and  other  iirbaa  comnmnities  in  said  Flathead  County 
are  largely  dependent  upon  l^e  agricultural  resources  of  that  country  for  their  exist- 
ence and  prosperity,  and  there  are  no  compensating  returns  therefor,  and  the  destruc- 
tion of  such  farms  and  homes  will  greatly  increase  the  burdens  of  taxation  upon  the 
remaining  property;  and 

Whereas  if  the  State  of  Washington  and  its  citizens  are  permitted,  unopposed  to 
thus  enter  this  State  and  appropriate  and  divert  the  waters  thereof,  it  will  establish  a 
precedent  which  mav  result  in  inestimable  injury  to  other  comniumties  of  this  State 
and  to  the  State  at  large  by  depriving  its  citisens  of  the  waters  they  need: 

JVcw,  therefore,  be  it  rem^hed  5y  the  Senate  of  the  SevenUenA  Legislative  Assembfy  of 
the  8taU  of  Montana,  the  Emm  eomewrring.  That  all  the  waters  of  this  State,  so  long  as 
they  remain  therein,  are  the  property  of  this  State,  and  its  citizens,  and  that  no  other 
State,  nor  the  citizens  thereof,  has  any  right  to  enter  this  State  and.there  appropriate, 
impound  or  divert  any  of  such  waters  for  use  outside  of  this  State. 

Be  it  further  resolved,  That  the  Members  of  Congress  from  this  State,  and  all  of  the 
executive  officers  thereof,  be  and  hereby  are,  urged  and  requested  to  make  their  best 
efforts  and  use  all  legal  machinery  at  their  command,  to  prevent  the  dr^ktion  of  such 
reservoir  in  said  Fla&ead  lake  and  the  appropriation  and  divmion  of  its  waters  for 
the  use  and  benefit  of  saAd  CkdumMa  I^mn  irrigation  t»<^ect  or  any  othw  fM^ofeet 
outside  of  this  State. 

Be  it  further  resolved,  That  a  copy  of  this  i^lotAon  be  sent  to  ea^h  Seniktor  and 
Represmtative  fnan  this  State. 

Api^oved  Jaaomary  27, 1921. 

Later  during  the  session  the  following  law  was  passed  (ch.  220,  Session  Laws  1921, 
flee.  7135,  Revised  Codes  of  1921): 

7135.  Appropri'itron  of  writers  for  use  out  of  Regulation   None  of  the  waters 

in  tlio  State  of  Montana  shall  ever  be  appropriated,  diverted,  impounded,  or  otherwise 
restrained  or  controlled  while  within  the  State  for  use  outside  the  boundaries  thereof, 
except  pursuant  to  a  petition  to  and  an  act  of  the  L^islative  Aisembly  of  the  State 
of  Montana  permitting  such  action,  and  any  appropnation,  divemon,  impounding,  • 
restrainii^,*  w  attempted  appropriation,  diversion,  impounding,  or  restraining,  c<m- 
trary  to  the  piwisions  of  this  act  ahall  be  null  and  void ;  and  all  officers,  agents,  agencies 
and  employees  of  the  State  are  prohibited  from  knowingly  permitting,  aiding,  or 
assistinji  in  any  manner  such  unauthorized  appropriation,  diversion,  impounding, 
or  otiier  restraint.  It  sliall  be  unlawful  for  any  person,  persons,  or  corporation,  directly 
or  indirectlv,  personally  or  through  agents,  officers,  or  employees,  either  to  attempt 
to  so  appropriate,  divert,  impound,  or  otherwise  restrain  or  contrcrt  any  of  the  waters 
within  the  boundaries  of  tMs  State  few  use  outside  there<rf»  except  in  accotdanee 
with  iJie  terms  of  this  act. 

It  will  therefore  be  necessary  before  any  steps  can  be  taken  to  store  Flathead  water 
for  use  outside  the  State,  first  to  secure  the  passage  of  a  law  authorizing  such  storage. 
It  will  also  be  necessary  to  give  dm  cc»iaiderati(»i  to  tbe  ddefeo)!  ri^  at  X^boii&p* 
son  FaBs  cm  the  Clark  Fotk. 

In  conduskm  it  should  be  slated  that  the  State  of  Montana  coaddeisit  a  priyileg^ 
to  be  pennitted  and  is  willing  and  anxicnis  to  cooperate  with  the  Federal  Power  Com- 
mission and  tlie  States  of  Idaho  and  Washington  in  making  studies  which  will  aid  in 
solving  our  water  utilization  problems.  We  believe  that  the  benefits  of  irrigation 
are  so  threat  tliat  all  possible  irrigation  development  should  be  protected,  because  of 
the  comparaUvely  limited  irrigable  area  in  the  Clark  Fork  Basin  in  our  State.  We 
believe  also,  in  view  of  the  rapidly  increasing  demands  for  power  and  the  limited 
pOttibilittes  of  power  develoiment  in  Mcmtana,  that  the  power  possibilities  of  the 
State  should  be  given  serious  consideration.  It  should  be  remembered,  however, 
that  while  pleased  to  cpop^te  in  ithe  studies,  no  action  by  my  State  d€q;«tiD0nt  of 
officer  can  be  construed  as  binding  on  the  State  in  disposing  of  or  gianting  to  any 
interest  rights  to  the  use  of  water  or  other  resources  without  foil' comidiailoe  with  the 
laws  of  ihe  State,  '     .  , 
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APPENDIX  X. 


IRRIGATION  AND  FOWEB  D£V£LOPM£NT  AND  POSSIBILITIES  IN  IDAHO. 

By  W.  G.  gw^ji^i^K^  Cov^i^ifiioner  of  Reclamation. 

Idaho  deeply  appreciates  the  broad  policy  of  the  Federal  Power  Conunission  in 
affording  the  State  an  opportunity  to  participate  in  the  general  planning  of  works 
looking  toward  the  true  ccmsmnriion  and  propn  economic  develo|nhent  of  its  great 
water  resource,  and  deoree  to  assure  a  hearty  ooopemtion  with  its  border  States  and 
with  the  Federal  Government  in  carrying  into  effect  the  reccMnmendations  contained 
in  the  report  of  the  Columbia  River  board;  provided,  of  course,  that  the  report  is 
adopted  in  its  entirety  and  Idaho  thereby,  with  other  States,  accorded  a  protection 
adequate  to  the  needs  of  its  future  development. 

Pursuant  to  the  request  of  the  board  for  a  statement  from  each  of  the  States,  the 
following  general  outline  oi  Idaho's  conditions  and  requirements  is  respectfully 
stUamitted: 

IXRI6ATIOV. 

The  exact  area  under  irri^tion  in  Idahp^  frcm  Clark's  Fork  drainage  basin  water 
supply  is  not  known,  but  is  so  small  as  to  be  lathra  insignificant.  Existing  rights  for 
this  purpose  must,  of  course,  be  respected. 

The  potential  irrigation  possibility  in  Clark's  Fork  drainage  basin  in  Idaho  can  only 
be  estimated.  From  general  data,  furnished  in  part  by  representatives  of  the  Fand 
Point  Chamber  of  Commerce,  it  appears  that  approximately  150,000  acres  of  agricul- 
tural land  are  susceptible  of  irrigation  from  this  source  of  w^ater  supply.  (See  PI.  11) 
This  area  is  under  present  conditions  partly  given  over  to  forest,  partly  to  cut-ow 
stump  land  and  agricultural  uses  without  irrigation.  The  precipitation  in  the  area 
generally  affords  sufficient  moisture  for  the  growing  of  limited  crops,  but  irrigation  is 
eeeential  to  maximum  production  and  proper  <Mvmification  and  rotation  ol  crops. 
Considering  the  size  of  this  drainage  basin  in  Idaho,  the  ftmgoing  irrigable  area  might 
be  regarded  as  small  and  therefore  of  little  consequence,  but  as  a  matter  of  fact  the 
development  and  protection  of  all  of  the  potential  agricultural  resoiu"ces  in  north 
Idaho  is  extremely  important,  since  it  is  quite  certain  that  all  of  the  area  which  can 
be  successfully  tilled  will  be  required  to  supply  local  demands  for  agricultural  products 
when  the  lumbering,  mimng,  imi4  /^^^  ^>9«iQil^lu8M^  of  this  part  of  the  State  ace 
fully  developed. 

On  accoimt  of  these  conditicxM,  the  State  is  extremely  anxious  that  no  pennanent 
rights  to  the  im  of  its  water  wipply  shall  accrue  which  would  tend  to  retard  or  ultL 
mately  prevent  the  maximum  irrigation  development  within  its  bcmiers.  There  is  a 
dearth  of  data  as  to  the  duty  of  water  in  this  area.  Annual  precipitation  is  relatively 
heavy,  but  amounts  to  little  or  nothing  during  the  growing  season.  Until  some 
dependable  estimates  can  be  made,  2  acre-Ieet  should  be  reserved  for  this  area. 
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USES  OF  UPPBS  C(%nMBU  |t|YBB.  1% 

POWKB. 

There  is  nov  developed  in  the  upper  Columbia  River  drainage  basin  in  nwthem 
Idaho  a  total  of  17,200  hxn»epower  as  ahown  in  the  following  table: 

Jki0d&p^  water  power  in  upper  ColwmJbia  Ri^etSndnage  btuin  in  Idaho. 


{£raa  U.  S.  0«Bql«pc«^  8ivve|r4 


Ownership. 

* 

Town  and  eounty. 

■ 

Stmm. 

Location  of  poiwer 
plant. 

Rated  eapadty. 

Head. 

Water 
wbeels. 

Gene- 
ratocs. 

Bonner  Water  & 

Canyon  Light  & 

Water  Co. 
Northwest  Light 

&  Water  Co. 
Mullen  Light  Co., 

Ltd. 

Washington  Water 

Tower  Co. 
Montana  I  0  w  a 

Boundary  County- 
Mace,  Shoshone 

County. 
Wallace,  Shoshone 

County. 
Mullen,  Shoshone 

Count  V. 
Post  Falls,  Koo- 
tenai County. 
ShodiODe  County . 

MjTtle  Creek.. 

Caoyoa  Creek  . 

PlaoerOreek.. 

Mill  Creek... 

Spokane  Kiv^ 

Man  h  a  1 1  a  n 
Greek. 

Sees.  19  and  20,T.62 

N.,  R.  1  E. 
T.  48N.,  R.5E  

Sec.  34,  T.48N^  R.  4 

E 

Sec.'34,  T.48N.,  R.  5 

E. 

Sec.  4,  T.  50  N.,  B.  5 
W. 

Sec.  18,  T.irKi,B.7 

Horse- 
power, 
250 

160 

345 

65 

16,300 

• 75- 

150 

100 
300 
50 

>  11,250 

tso 

310 

2S0 

52 

11,650 

Only  410  horsepower  out  of  a  total  of  17,200  is  located  in  the  Clark  Fork  Basin, 
like  tiie  accrued  irrigation  ri^ts  present  power  ri^ts  must  be  respected. 

llie  most  important  undeveloped  power  site  on  dark  Fork  in  Idaho  is  Oabinet 
G<»ge  located  just  below  the  Montana-Idaho  State  line  and  above  Lake  Pend  Oieille. 

A  head  of  77  feet  can  be  developed  without  interfering  with  the  Nortiimi  l^udfic 
tracks.  The  width  of  river  is  175  feet  at  low  water  and  only  slightly  greater  at  the 
proposed  flow  line.  While  no  data  is  available  in  regard  to  depth  of  water  this  is 
regarded  as  a  power  site  of  exceptional  value.  With  the  nominal  flow  without  storage 
43,000  continuous  horsepower  can  be  developed,  while  with  Flathead  Lake  utilized 
for  Flathead  Lake  power  this  is  increased  to  59,000  horsepower. 

Priest  River  has  a  &dl  of  388  feet  between  Priest  Lake  and  its  mouth,  a  distance  by 
river  of  nearly  40  miles.  A  regulated  flow  of  1,100  second-feet  can  be  secured  with  a 
15-foot  range  of  stage  on  Priest  Lidce.  Surveys  have  been  made  for  a  power  site  which 
would  take  water  from  a  Priest  River  storage  dam  and  secure  l^Moot  head  with  a 
total  length  of  conduit  of  about  5^  miles.  A  lower  proposed  site  with  dam  about  6 
miles  above  the  mouth  and  a  conduit  about  2J  miles  long  would  render  available 
about  60  feet.  Other  portions  of  the  river  are  not  well  adapted  for  power  develop- 
ment on  account  of  the  low  gradient.  If  a  total  of  230  feet  or  60  per  cent  of  the  gross 
head  ca^  bf  utilized  the  total  potential  power  is  23,000  horsepower. 

The  aiDOUnt  of  possible  power  in  this  watershed  in  Idaho  depends  very  laiqgely 
upon  which  plan  is  adopted  for  the  Columbia  Basin  irrigation  inject  In  the  event 
a  gravity  plan,  as  tentativdy  outlined  in  the  board's  report,  is  ^ployed,  approxi* 
mately  23,000  horsepower  on  Priest  River  is  destroyed  and  Idaho's  ultimate  resource 
and  taxable  wealth  therefore  materially  reduced.  Because  of  this  condition,  however, 
the  State  has  no  desire  to  stand  in  the  way  of  the  Columbia  River  project,  but  on  the 
contrary,  is  anxious  to  aid  in  its  development.  Idaho  fully  realizes  that  the  irrigation 
of  Cgdumbia  Basin  lands,  even  though  situated  in  another  State,  will  result  in  many 
<tiij9eti»4xiMiir^  On  the  othe^  hand*  it  is  in  ^ 
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the  interest  of  IdBbo  Himt  Ck>lumbia  Basin  pumping  project  be  adopted,  provided  ita 
feasibility  is  found  to  compare  favorably  with  the  gravity  scheme. 

litae  is  known  r^arding  the  potential  power  on  the  smaller  and  less  important 
tributary  stretois  in  Idaho,  but  such  sites  as  exist  should  be  protected  and  their 
future  development  permitted  in  order  to  accommodate  the  needs  of  the  local  com- 
mercial industries,  at  least  until  such  time  as  base  power  lines  are  constructed,  from 
which  power  may  be  had  to  meet  local  demands.  Except  in  cases  where  these  tribu- 
tary streams  may  be  regulated  by  small  stoii^,  development  of  power  fheareon  am 
not  interfere  with  the  major  pow&  development  in  the  waterahed  aod  in  the  event 
sadi  storage  reservoirs  are  constructed,  it  is  highly  probable  Hmt  tiiey  will  coordinate 
witii  the  main  sch^e  and  tend  toward  equalization  of  flow. 

OTBBB  COXMSBCSAL  INlHmTBIBS. 

Luadbering  has  heretofore  constituted  one  of  the  most  iii^iortant  industries  in 
north  Idaho,  and  it  is  very  important  that  due  and  proper  regaid  be  given  to  protectfon 
of  this  resemee.  In  connection  with  the  construction  of  dams,  fluctuatfon  of  lake 
levelsy  and  other  dianges  of  exktis^  conditions,  the  importance  of  providing  pass^ 
for  h^  tiuougfa  or  over  any  dams  constructed,  and  commerce  on  the  lakes  essential 
to  this  industry,  must  be  ^ven  adequate  consideration. 

Water  transportation  on  Pend  Oreille  and  Priest  Lakes,  In  so  far  as  it  is  now  or  may 

in  the  future  be  carried  on,  should  be  safeguarded  in  the  interest  of  the  State  audita 

industries. 

Idaho  has  come  to  realize  the  necessity  of  fully  consideriiig-the  ultfanato  use  of  ita 
water  resource  in  connection  with  the  granting  of  z^ta  of  way  over  State  and  paWc 
lands,  to  the  end  that  railroads,  highways,  and  othw  improvemento  shall  not  be  so 
situated  as  to  smously  interfere  with  future  hydraulic  development,  and  the  State 
will  appreciate  Feda»l  coopemtion  along  this  line. 

No  inconsiderable  value  has  acorued  to  Idaho  bom  the  use  of  tiie  beautiful  lakes  of . 
Pend  Oreille  and  Priest  for  reoreation  and  reswt  purposei^  and  due  considemtbn 
should-  be  given  to  this  matter  in  connection  with  tiiis  propped  development^  to  &e 
end  that  in  sd  for  as  possiUe  the  natural  scenic  beauty  of  the  landscape  be  retained 
and  the  least  possible  damage  result  to  personal  and  public  resort  and  summer  home 
property. 

In  the  design  and  construction  of  structures,  due  regard  should  be  given  to  artistic 
effect  and  plans  in  harmony  with  the  liindscape  in  so  far  as  oonfi^ist^t  with  cost  and 
other  conditions  should  be  adopted. 

The  public  and  other  improvements  of  cities  and  villages  situated  on  the  river  or 
lake  shores,  such  as  cuUnaxy  water  supply^  drainage,  ete.,  should  be  duly  regardcNl 
and^tectad* 

lAOAL  FBATURBS. 

Under  Idaho's  laws  and  constitution,  the  State  has  and  retains  control  ^  aQ  water 
within  ita  borders  and  any  and  all  rights  to  the  use  Iheieof  aire  only  gmntod  conditioned 
upon  continued  beneficial  use. 

*Che  priority  of  rights  as  between  appropriators  is  governed  by  the  doctrine  of  "firet 
in  ttme,  first  in  r^t." 

Rights  to  use  water  may  be  established  in  either  of  two  ways: 

First,  under  the  constitution,  an  appropriator  may,  by  the  construction  of  woifai 

and  the  subsequent  diversion  and  beneficial  use  of  water,  acquire  a  prescriptive  right. 

Such  a  right,  however,  can  not  be  recognized  by  an  administmtive officer  charged  with 

the  responsibility  of  distribution  until  it  diall'&st  have  beeaa  miSe^neoid  hy  4eae« ' 

of  oom^  or  by  employing  the  imviabnsirf  the  pmnit  law. 
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Second,  the  right  to  the  use  of  water  may  be  acquired  by  complying  with  the  statute 
known  as  the  permit  law.  Th  is  process  requires  the  filing  of  an  application  for  pennit 
in  the  State  department  of  reclamation,  in  such  form  and  accompanied  by  such  date 
as  the  said  department  may  prescribe.  Such  a  pennit  does  not  necessarily  r^resent 
awater  right,  butafteraUof  the  requirements  of  the  pmnit  law  are  fUfiUed  a  pern^^ 
may  ripen  into  a  right,  iriiidi  Is  evidenced  in  a  lic^tse  issued  by  the  State  department 
t^Tedamation. 

The  basic  reqtiirements  of  the  permit  law  are  as  follows:  Within  two  and  one-half 
years  after  the  date  of  approval  of  any  application  for  permit,  one-fifth  of  the  work 
contemplated  thereunder  must  be  completed,  and  within  five  years  of  such  date  tke 
entire  works  necessary  to  diveiaiop  and  application  to  beneficial  use  must  have  been 
completed,  and  proof  of  such  completion  made  as  provided  by  law.  Within  II  fetm 
after  the  date  of  the  approval  oi  the  permit,  proof  of  appUcation  of  the  water  to  bene- 
fidal  use  is  regttiisd,  if  th^  iiilgin^ 

Ihe  peticm  of  ohtailili^  a  right  under  the  pennit  htw  has  the  advantage  over  the 
coastitntioiiri  w  proscriptive  right  method  in  that  what  has  been  defined  by  the  courts 
as I9>e  '^doctrine  of  relation  ''  is  invoked  in  the  case  of  the  i)ermit  right,  and  the  date 
of  priority  relates  back  to  the  date  of  filing  the  application  in  the  department  of  recla- 
mation; whereas,  under  the  constitutional  method  the  best  date  of  priority  thiri;  on 
be  seciu-ed  is  the  date  of  first  apjdication  to  beneficial  use. 

It  should  be  kept  clearly  in  Bund  that  thera  is  no  proviflion  of  law  imder  which 
the  State  or  any  of  its  officers  em  nmen  water  fsr  any  partieriar  ine.  Wheh  an 
application  for  permit  is  filed  which  contempUtes  the  use  of  water  within  the  State, 
it  is  mandatcay  that' the  appUcation  be  approved  and  the  permit  issued,  provided  it 
is  in  proper  fonb  and  acc(»npanied  by  the  required  data.  The  law  relating  to  appro- 
priation of  water  for  use  in  other  States  has  not  been  interpreted  by  any  court,  but  it 
is  reasonable  to  assume  that  under  its  provisions  the  State  administrative  office  can 
impose  conditions  in  any  permit  granted  which  will  adequately  protect  the  fotero* 
requirements  or  needs  of  the  State  for  use  of  any  or  all  of  the  water  in  questiim. 

A  part  of  the  right  of  way  or  land  essential  to  use  of  Priast  and  Pend  Orolle  Lakw 
for  storing  water  is  in  State  owiieiBbip.  The  State  board  d  U»id  i^rnifrifrfiCTP  is 
vested  with  a«thoaty  to  dispose  of  State  land  for  tight  of  way  or  other  purposes,  but 
may  in  its  dismtioii  rafase  to  off^  any  land  for  sale,  and  by  reason  of  this  condition 
the  ^to  is  in  a  portion  to  exercise  a  limited  control  over  the  appropriation  of  water 
fet'Storage  purposes  and  thus  is  able  to  protect  its  rights  and  to  materially  aid  in 
carrying  out  a  proper  plan  of  development  of  the  Clark's  Fork  water  resource. 

Chapter  218  of  the  Idaho  Compiled  Statutes  provides  for  appropriation  of  water  in 
the  State  of  Idaho  for  use  in  other  States.    The  State  of  Wjwhington  having  by  the* 
provision  of  section  3,  chapter  103,  1921  Session  lasii^  adofM  ''leciimGal  IsgiBia* 
tion,"  may  avail  itself  of  the  foregoing  Idaho  law. 

In  the  matter  of  appropiiatitig  aod  ntiliaiag  water  in  Idaho  ia  connection  with  this 
prapoied  dev«lopiMiit»  tho  State  deems  it  important  that  its  laws  be  complied  with, 
nd  Federal  pmnits  for  power  sites  ishould  contain  appropriate  provisions  regarding 
this  matter.  In  this  connection,  attention  is  directed  to  the  statutory  provision 
Whadi  requires  that  all  plans  for  hydraulic  development,  particularly  the  construction 
of  dams,  be  filed  with  and  approved  by  the  State  in  advance  of  actual  conslracti«m. 

The  State's  participation  in  this  report,  and  the  approval  thereof  by  its  rrprnymla 
tive,  shall  not  be  construed  as  limiting  or  affecting  in  any  maamfc  the  r^gHf  i%  in 
ownersliip  or  control  of  its  water  supply  or  any  .ptv^erty  raghte  it  aay  have  growing 
<wtof4laaderpn^mtyowMifdu|». 
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IRUGATION  AND  POWEE  DEVELOFMia^T   AND    POSSIHGUTIES  IN 

WASHINGTON. 

By  Makvir  Ohasb,  Supervwor,  Divimon  of  Water  ReswreeB. 

We  submit  herein  a  summary  of  the  data  which  have  been  presented  to  the  Golum-. 
Ina  Bivw  BosBd  illative  to  the  State's  ii^t  to  ^mlrol  uae  of  watas  within  its 
boundaries,  sdblect  iH^y  to  Hie  Fecto«il  Qwmammt-B  mipervisto^  wm  imrigable 
watm;  &e  relative  needs  im  irrigatiwi  and  poww  devekpaMiit  ism  the  S^tt»i  and  jiie 

especial  problems  presented  by  the  Columbia  Bamn  irrigation  project. 

Reference  is  made  to  the  list  of  the  several  briefs  and  tabulations  which  have  here- 
tofore been  submitted  to  you,  appended  hereto.  You  also  haA  e  the  1920  report  of 
the  Columbia  Basin  Survey  Commission,  General  Goethals's  report,  and  the  briefs 
submitted  by  the  chief  engineer  oi  the  Columbia  Basin  Survey. 

THE  state's  right  OF  CONTROL. 

It  is  noir  the  well-established  dodrine  in  tt&e  XTaited  States  that  each  Stato  in  its 

sovereign  capacity  controls  the  waters  within  its  boundaries,  subject  only  to  the 
Federal  Government's  control  of  navigation  and  its  rights  as  owner  of  riparian  public 
lands.  This  doctrine  is  the  result  of  various  important  acts  of  Congress  recognizing 
the  arid-region  doctrine  of  appropriation,  State  laws  and  customs,  and  the  interpre- 
tatifia  given  such  laws  by  the  State  and  FedeKal  courts,  including  the  Supreme  Court 
of  Ihe  United  States.  Tbe  piincipal  acts  upon  which  this  is  based  are  the  act  of 
1886  recognizing  apprepriations  based  upon  local  customs  and  laws  and  daemons  of 
conrte;  the  act  of  1870  making  all  patonte  stibjeet  to  vested  n^^ts;  tfae  desevt-bmd 
act  of  1877;  the  act  of  1891  granting  rights  d  way  lot  irrigation  ditches  over  pubMc 
lands;  the  Carey  Act  of  1894;  and  the  national  reclamation  act  of  1902.  The  latter 
act,  for  instance,  fully  recognizes  the  State's  control  in  the  following  clear  termer 

*'That  nothing  in  this  act  shall  be  construed  as  affecting  or  intending  to  affect  or 
to  in  any  way  interfere  with  the  laws  of  any  State  or  Territory  relating  to  the  control, 
*PPropriati<m,  use,  or  distribution  of  water  used  in  irrigation  or  any  vested  rights 
acquired  thweunder;  and  the  Secretiuy  of  the  Interior,  in  carrying  out  the  provi- 
aioasef  ttdsacty  ahali  {mceed  in  confcKridlty  with  such  laws." 

In  view  of  this  recognition  el  the  Stated  centnd,  the  Wsshingtom  State  Legislature 
in  1905,  to  assist  the  Fed^  RecUunation  Sendee,  passed  an  jfu^t  setting  aside  ow- 
tain  stream  systems  for  the  benefit  of  certain  Federal  projects.  Hie  United  States 
Reclamation  Service  has  always  complied  with  the  State  law  in  respecfrt«y  Appropria*' 
tions,  and  both  the  State  and  Federal  Governments  have  worked  harmoniously 
together. 

The  State  of  Washington,  by  constitutional  provisions  and  repeated  legislation, 
has  ex^rdsed  its  omtrel  over  the  waters  within  the  State.  This  legislation  culmi- 
nated in  the  water  code  d  1917,  a  comprehensive  enactoient  by  the  State  for  the 
complete  control  and  regulati<m  of  the  divendon  and  use  of  waters  within  the  State. 
Of  this  code  the  Supreme  Court  of  Washington  has  said  (West  l^e  Itr.  Co.  t^.  Chase, 
115  Wash.  150): 
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''This  code  appears  to  be  brmd  enough  to  include  almost  any  conceivable  right 
with  reference  to  irrigation  and  to  provide  an  inexpensive  and  ready  manner  of  set- 
tling all  disputes  concerning  such  matters." 

The  State  of  Washington,  in  section  3,  chapter  103,  Laws  of  1921,  authorizes  the 
supervisor  of  hydraulics  to  grant  permits  for  the  diversion  of  the  waters  within  the 
State  of  Washington  fpr  use  outside  of  the  State,  provided  that  the  State  within  which 
tile  watere  are  to  be  used  has  a  similar  provision  whereby  wateis  within  that  State 
may  be  diverted  for  use  witiiin  the  Stttto  <3t  WaiMngton.  Sev^nd  States  have  such 
reciprocal  legidation,  including  tihe  States  of  Chr^n  and  Idaho,  and  oth»  States, 
no  doubt,  will  from  time  to  time  extend  the  same  comity. 

By  the  acts  of  Congress  referred  to  and  other  acts  supplemental  to  and  amendatory 
of  them,  by  the  oft-repeated  decisions  of  the  highest  judicial  tribunals  of  the  United 
States  affirming  the  State's  authority  in  clear  and  unequivocal  terms,  and  by  the 
State's  thorough  legislation,  there  can  be  no  question  that  the  State  of  Washington 
has  full  control  over  the  waters  within  its  borders.  Under  its  exchange  of  reciprocal 
l^;isUtion  the  Sjtate  also  has  the  undoubted  authority  to  m$ke  appropriations  of 
water  within  other  States,;  in  accordance  wtth  their  r^;ulationB,  for  use  witihin  tikis 
State. 

Pammount  to  the  foregoing  indirect  recognition  of  State  control  of  water  resources 
is  the  statement  contained  in  the  act  creating  the  Federal  Power  Commission  (sec. 
9,  b)  reqidring  applicants  to  present  "satisfactory  e\ddence  that  the  applicant  has 
complied  with  the  requirements  of  the  laws  of  the  State  or  States"  relative  to  loca- 
tion and  appropriation  of  water  rights,  etc.  The  act  under  which  this  Columbia 
River  Board  has  its  exkUmce  therefore  directly  admits  the  sovmogn  power  of  the 
State  over  its  wata».  * 

The  State  ot  Waaidii^^  is  wifidn  ite  rigjits  in  adopting  the  principle  that  at  least 
within  the  arid  portion  of  the  State  river  conlaol  and  diversion  of  water  must  be  pri- 
marily for  the  use  and  benefit  of  agriculture  and  secondarily  for  the  development  <rf 
power. 

*  RBIUITIV£  NBBPS  FOft  IBaiGATXON  AKI>  POW£B  DEVSLO^MBNT. 

t 

A  positive  need  exists  in  this  State  for  immediate  development  of  additional  agri- 
cultural land.  Within  the  area  being  considered  by  this  board  reclamation  by  irri- 
gation is  the  only  method  for  increasing  the  productive  area.  The  second  biennial 
report  of  the  State  hydraulic  engineer  to  the  Governor  of  Washington  shows  there  are 
538,000  acres  irrigated  in  this  State,  with  2,526,000  acres  awaiting  irrigation.  Eighty- 
two  and  fonr*tentiis  per  cent  of  tiie  irrigable  area  d  this  State  is  now  arid  and  can 
nevCT  be  reclaimed  unless  the  ri^t  to  use  of  water  for  irrigation  is  priorto  all  othcar 
rights.  Capital  can  not  be  interested  in  development  of  land  which  is  dependent 
upon  uncertain  water  supply. 

The  accompanying  tal)le8  show  that  at  present  only  about  380,000  acre-feet  of  water 
are  diverted  from  the  Columbia  River  and  its  tributaries  in  this  State  for  the  irriga- 
tion of  95,000  acres  (see  PI.  12),  and  that  G, 710, 690  acre-feet  will  need  to  l^e  diverted 
to  meet  the  known  requirements  of  additional  lands  which  must  soon  be  irrigated. 
.  No  power  development  is  conceivable  which  could  ri^  in^importance  the  agricultural 
TPMBpmty  which  tiiis  amount  of  wat^  would  create  upcm  the  lands. 

.The  reservatum  of  any  part  oi  tins  water  tor  power  is  not  necesMvy,  since  there 
existe  in  tiie  State  an  en<mnous  potential  water  power  fsr  in  excess  ef  any  anticipated 
market.  On  February  25,  1922,  the  United  States  Geological  Survey  issued  a  state- 
ment showing  that  5,000,000  minimum  and  8,600,000  maximum  horsepower  can  be 
generated  from  the  streams  of  this  State,  with  from  eight  to  sixteen  million  additional 
horsepower  in  the  three  neighboring  States.  Bearing  in  mind  that  the  total  develop- 
ment at  Niagara  Falls  recently  approximated  but  1,000,000  horsepower,  it  is  evidwt 
that  the  four  NtHrthwest  States  irill  have  suffidient  poww  lor  centuiies  to  come.  Na 
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acre  of  land  should  ever  "be  left  arid  in  order  to  reserve  the  water  for  power  use.  The 
land  is  very  small  in  amount  and  will  soon  all  be  needed,  while  the  pow^  is  prac- 
tically uulimited     quantity  aad  may  uev^  all  be  required. 

The  e33ential  data  concerning  the  water  supply  for  the  Columbia  Basin  irrigation 
project  are  briefly  stated  as  follows: 

(1)  Water  duty. — ^The  Columbia  Basin  lands  were  cruised  section  by  section  by 
men  formerly  with  the  United  States  Reclamation  Service.  The  water  required  to 
properly  irrigate  each  section  or  smaller  subdivision  was  ascertained  and  the  net 
total  ddivery  on  the  land  was  found  by  adding  the  needs  of  the  1,753,000  acres.  The 
needs  vwry  bxm  2A  to  ov^  60  acre-indies  per  acre,  with  )ui  average  ovtt  all  of  8S 
acre-indies. 

(2)  Water  losses.— The  losses  estimated  in  both  main  and  distributing  canals  check 

very  closely  with  the  actually  measured  losses  on  very  large  areas  of  similar  character. 
Seepage,  evaporation,  and  regulation  wastage  approximate  20  per  cent  of  the  gross 
diversion.  This  figure  agrees  with  the  long  experience  in  southern  Idaho^  CaUfomia, 
and  the  Yakima  Valley. 

(3)  Seasonal  use  of  water. — ^Based  upon  the  later  records  from  the  Yakima  project, 
it  is  advisable  to  modify  the  monthly  demand  as  published  in  the  1920  report  to  that 
tabulated  in  letter  to  your  chairman,  Felmtary  18,  19^.  The  ktter  taUe  plets  a 
slightly  flatter  curve  of  wat^  demand  than  the  recent  Sunnyside  figmes* 

The  Columbia  Baon  area  vnH  be  devoted  mainly  to  div^nified  fuming.  The 
United  States  Reclamation  Service  official  publication,  Reclamation  Record  (Novoti- 
ber,  1918,  p.  525),  states  that  with  proper  diversification  of  crops  '*the  operating  force 
can  keep  their  canals  carrying  an  approximately  uniform  flow  of  water  all  the  time." 
Reference  is  made  to  the  best  use  of  water  by  increasing  the  May  and  June  demand 
under  conditions  which  are  like  those  in  the  Columbia  Basin.  With  such  authodta- 
tive  backings  ve  are  clearly  correct  in  adopting  the  flatter  demand  schedule. 

(4)  Qf08$  tvofer  required, — Chan^ng  the  rate  of  demand  does  not  <^ange  the  total 
net  requiremmt  nor  ^e  total  gross  diversieairf  water.  A  laigw  proportieB,  however, 
of  the  diy«!mon  can  be  taken  from  the  river  flow  during  the  flood  aeascm  and  a  leas 
storage  is  required.  *^1lis  has  been  sufficiently  analyzed  in  the  studies  previously 
submitted,  which  show  that  the  proposed  storage  is  more  than  sufficient  for  the  maxi- 
mum Columbia  Basin  development. 

(5)  Water  supply  available. — Until  publication  is  made  by  the  Federal  Government 
of  river  discharge  records  showing  a  material  change  from  the  quantities  heretofore 
published,  it  is  not  neceasiury  to  enter  into  a  recomputation  of  the  exact  quantity  of 
etofage  requiwd  to  regulate  the  flow  ol  ^tiier  the  Flathead  or  Fend  OreUle  (Glarka 
Fdck)  Rivets  to  meet  the  irrigation  demand.  Even  under  tike  moat  advane  conditions 
<tf  irregulw  monthly  flow  and  lowest  annual  run-off  the  water  supply  ia  more  than 
ample  to  meet  all  demands,  and  excess  storage  capacity  is  cheaply  available.  Since 
neither  the  irrigation  nor  the  power  demand  can  be  exactly  known  at  this  time,  and 
the  first  reservoir  will  have  had  several  years'  service  before  the  maximum  of  all 
demands  can  arise,  it  will  be  easy  at  that  time  to  determine  exactly  what  amount  of 
etemge  should  be  provided  in  the  second  reservoir.  There  is  so  much  excess  of  water 
aad  euch  a  lew  cost  per  acre-foot  of  storage  that  any  desired  adjustment  can  be  readUy 
made  whw  neceasary.  Acadonic  discussum  priw  to  that  time  is  futile. 

(6)  JSbonomtc  effect  of  ttomge.'-^UMffi  in  Flathead  Lake  to  elevati<m  2,893  will 
flood  an  area  14,000  acres  greater  than  the  low-watw  area.  Pend  Oreille  Lake  at  2,0^ 
floods  5,700  acres  more  than  at  low  water.  The  Columbia  Basin  estimated  cost  includes 
a  very  liberal  allowance  for  the  purchase  of  all  these  lands,  although  but  a  small 
portion  of  them  is  actually  damaged,  as*these  areas  are  naturally  flooded  at  frequent 
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intervals.  Some  agricultural  production  is  made  from  the  high(»r  portion  of  the  area 
in  years  when  the  lakes  do  not  reach  the  higher  stages.  This  production  may  be  lost 
under  the  proposed  plan.  Offset  to  his  is  the  reclamation  of  nearly  2,000,000  acres 
from  absolute  desert  to  a  state  of  highest  cultivation.  This  phase  of  the  situation 
has  been  fully  discussed  in  the  brief  submitted  on  behalf  of  the  State  of  Washington 
at  the  hearing  before  your  board  on  March  27  and  28  of  this  year. 

(7)  Cooperation  wiA  power  developmenis, — ^At  the  hearing  just  reierted  to,  it  waa 
stated  by  the  repiesentativeB  of  the  various  power  interests,  as  well  as  by  the  Columbia 
Basin  survey,  that  there  is  no  conflict  between  the  several  plans  for  using  the  water 
of  the  lakes.  Further,  it  was  then  shown  that  the  studies  already  before  your  board 
indicated  ihe  fact  that  the  water  stored  in  Flathead  Lake  for  irrigation  use  could  be 
released  so  as  to  greatly  benetit  the  power  plants  along  the  stream  and  still  be  available 
for  use  by  storage  in  Feud  Oreille  Lake  and  di\  ersion  to  the  basin  lands.  Correspond* 
ence  with  all  the  larger  power  coo^anies  in  the  Northwest  proves,  the  stateniCTt  that 
the  power  so  made  availalble  m  vastly  greater  than  any  possible  market  for  many  yean 
to  come.  Commencement  of  use  of  the  water  for  irrigation  would  be  coincident  with 
the  completion  of  the  distributing  canals. 

(8)  GocthaWs  report. — Since  the  presentation  to  Vfiu  of  the  various  data  contained  in 
the  several  reports  and  briefs  referred  to,  a  report  has  been  received  from  Maj.  Gen. 
George  W.  Goethals,  who  was  engaged  by  the  State  of  Washington  to  conduct  a  field 
examination  and  also  review  the  studies  previously  made  upon  the  Coliunbia  basin 
project.  In  confonnity  with  section  73  of  chapter  7  ^  the  Sessicm  Laws  of  1921,  this 
i^^Kxrt  was  adapted  by  the  State  of  Washington.  A  oopy  has  been  tnu^mifeted  to  your 
chairman  and  anstaina  In  every  pavtacukor  the  ooncluaions  readied  by  the  State  com- 
mission. He  particularly  went  into  ike  question  of  water  supply,  storage,  and  general 
feasibility  of  the  construction  proposed.  He  also  investigated  the  power  question, 
both  generation  and  marketing.  His  findings  are  so  nearly  identical  with  the  state- 
ments herein  presented  that  we  are  justified  in  referring  to  such  eminent  authority  in 
engineering  as  amicus  curiae."  We  believe  that  your  honorable  board  will  find 
considerable  satisfaction  in  knowing  that  a  decision  by  you  in  conformity  with  the 
daims  of  the  State  of  Washington  and  tto  needs  oi  Celtimhia  Bmm  piojec^  nil  ba  . 
pabtidy  approved  and  ably  defoided. 

(9)  Dam'e  reporf.~Anoth»  repcNrt  of  great  importance  is  that  of  Director  Arthur 
P.  Davis,  of  the  United  States  Reclamation  Service,  on  the  problems  of  Imperial 
Valley  and  vicinity,  filed  with  the  Secretary  of  the  Interior  on  last  February  4.  After 
discussing  the  particular  rule  which  should  govern  the  various  reaches  of  the  river,  he 
makes  the  very  broad,  but  correct,  statement:  "In  general,  where  irrigation  interests- 
are  practicable,  they  should  be  given  preference  over  power  interests,   *  * 

(10)  With  the  chief  authority  of  the  Fed«:al  Goveaamiimt  m  rednution  matt^ 
and  the  leading  engines  npon  Gofvi^nment  work  ouidde  of  rrrlannrtftm  woiie,  both 
m  agreement  that  the  use  of  watw  fw  irrigation  is  of  greater  importance  than  its  use 
lor  power,  our  daim  to  that  effect  seems  well  supported. 

(11)  Concliiswn. — The  State  of  Washington  claims  the  right  to  proceed,  in  accord- 
ance with  the  laws  of  the  several  States  concerned  and  the  Federal  Government,  to 
acquire  and  perfect  water  diversion  and  storage  rights  and  to  control  such  stored  waters 
for  the  pr^joiary  benefit  of  the  lands  to  be  reclaimed  and  seooi^^ly  for  the  benefits 
such  power  plante  Bsmhynowofhmmhmejdgtnki^  l>ei0waatGii  storage. 
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Pabt  2. 

STUDY  OF  WATEaet  S1)FPL¥  ENTEBING  FLATHEiO)  AND  PEND  OSLm^ 

LAKES. 

LOW  WATBB  mUaON  APBIU         TO  MAJtCH.  1»2». 

By  Maev^n  CjaASi;,  5w.j>^iJisor,  Division  of  Water  Resources. 

There  are  two  methods  of  determining  the  inflow  of  Lake  Pend  Oreifle,  both  beii^ 
alike  in  that  the  algebraic  difference  of  storage  in  the  lake  is  applied  to  the  gauged 
outflow  of  the  lake.  In  the  first  method  the  lake  elevations  taken  at  Sandpoint, 
Idaho,  at  the  end  of  each  month,  and  the  change  in  eloA  ation  during  each  month 
applied  to  a  curve  which  correlates  elevations  and  storage  capacity  of  the  lake,  shows 
tihe  increase  and  decrease  of  storod  water  in  the  lake  during  the  corresponding  period. 
The  cmtftyir  ior  the  montb  conecied  by  this  increase  or  deeieaae  of  storage  gives  fhe 
inflow  for  the  month. 

In  the  secmid  method  the  mean  flow  computed  from  the  daily  river  gaugings  at 
Newport  or  Metaline  Falls  is  referred  to  a  curve  which  correlates  the  lake  cAevatiMS 
and  the  river  discharge  for  simultaneous  readings,  and  the  mean  elevation  of  Hie 
lake  surface  corresponding  to  the  mean  outflow  for  the  period  is  thus  found.  The 
mean  lake  elevations  month  by  month  applied  to  the  curve  showing  relationship  of 
gauge  height  and  storage  capacity,  as  in  the  first  case,  gives  a  figure  representing  the 
change  in  lake  content.  This  change  is  not  as  between  the  ends  of  two  consecutive 
months,  but  k  the  change  between  tiie  mean  ccmtent  oi  one  month  and  the  mean 
dontent  of  the  {(^lowing  monlSi.  Urn  correction  applied  to  tiie  total  outflow  kec  tlie 
month  gives  the  total  inflow,  but  is  in  errdir  in  applying  the  m^ia  difference  betwera 
the  two  months  instead  of  applying  the  net  difference  for  Hie  individual  monUi 
under  consideration.  Over  a  period  of  many  readings  the  results  are  practically  Iba 
same,  but  for  any  individual  month  a  considerable  difference  may  be  shown. 

The  second  method  was  used  in  arri\'ing  at  the  unregulated  lake  elevation  shown  in 
column  3  of  the  reservoir  regulation  on  pages  62  to  68  of  the  Columbia  Basin  report.* 
For  the  purpose  of  ascertaining  the  average  lake  elevation  month  by  month,  the 
seoond  method  gives  a  bettw  result  than  is  found  by  aY^?a^g  the  more  or  less 
ir^e^idar  weekly  readings  made  on  tibie  Sandpomt  Lake  elevaticm  gauge.  For  the 
purpose  of  determining  the  actual  inflow  into  the  lake  and  ^  amount  in  storage 
after  a  dam  is  placed  at  the  outlet,  the  second  me&od  is  infmor  to  tibe  first.  The 
differences,  however,  are  small  and  are  at  their  maxhnum  at  times  when  the  river  is 
in  flood  and  a  large  amount  of  water  is  being  wasted  downstream,  and  are  therefore 
immaterial  for  the  purpose  of  the  Columbia  Basin  gravity  supply  study  or  of  any 
reasonable  commercial  power  development. 

From  the  monthly  inflow  thus  arrived  at,  a  deduction  was  made  for  probable  future 
irrigation  demand  from  the  watw-sfaed  above  P^d  OreUle  Late,  estimated  as  near  as 
poedble  from  inf cmnation  made  available  for  the  Cdnmfoia  Biver  IxMod.  iMiaaag 
information  to  the  contrary,  I  am  unable  to  dispute  these  figures. 

The  values  thus  arrived  at  would  hold  for  the  net  available  flow  past  Newi)ort,  but 
for  the  fact  that  storage  must  also  be  had  from  Flathead  Lake,  and  in  order  to  properly 
study  the  available  supply,  outflow  at  Poison  was  reduced  to  inflow  based  upon  gang- 
ings  at  Poison  and  Flath^ul  Lake  stages  as  obtained  by  the  United  States  Geological 
Survey.  Plus  and  minus  corrections  were,  therefore,  made  to  readings  at  Poison  as 
dictated  by  lal»  stages  at  beg^inning  of  each  month  and  monthly  values  arrived  at 
for  inflow  to  Flathead  Lake.  1%6  Cohmbia  Basn  capadQr  curve  fcff  Fl^^ 
was  used  for  this  purpose. 

1  <«  TfaeCohunMa  Ba^  Itrigstioii  Proieet,"  arepoctby  tbeColimtteBa^snrvsy  ooouasiss^ 
of  Wadiinatoay  IMQu 
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:eEQmu>  £owm  oomicission. 


Thw  twofold  correction  for  natural  storage  in  Flathead  and  Pend  OmIlU  T*i«- 

partly  L^S^luJ^^  ^"^'^  '"^-"^  Falls  and  the 

^^1^*^^*  ^"^P°^*  t«        completed  regulated 

T  t!r^        Newport  has  been  entirely  eliminated .  »H4SWf 

-W  ^  ^""^      '^"""^  t^«y  l^ave  been  araved  at    Tahle  No 

2B  diowB  the  necessary  storage  required  for  the  Columbia B«riaSZ ^  ^^2^' 
power  demands  at  MetaUne  Falls.    It  is  iateiidJTm.^ JSTI  • 
Oreille,  Flathead,  and  possibly  Prie«t  1^^^  ^  ^  ^^^^ 

»t  Metaline  FaUs.  alteipitives,  i.  e.,  different  power  4emwdl» 

Ri^^^'I^L^  ?  "^^"^  ^^^'^^  ^^^"^^^^     P^^^^     Flathead  and  P^nd  CteeiUt 
Wipectively  under  different  schemes  of  operation  and  with  a  givcT 

SLf  demtnd:re  t Sg  saS^"  4^  -  ^  «  weU  ^  luU  Columbia 
Kiv^ ^  Columbia 

from  the'^lt^IL  R-'''^  ftituie  irrigation  demands  in  the  State  of  W^ton 
&om  the  Columbia^a«,«r  aad  its  tributaries  above  Priest  Rapids. 

2li«lwi   ^V***®  CBtimated  discharge  of  the  Columbia  River  as  regulated  by 
^  «uch  stream  and  the  remaining  flow.    In  this  table  it  has  been  aa^ 

i^t TS^f  .7  f       ''""'^  ^^^^^  would  Jn^. 

lated  to  4,000  second-feet,  and  that  irrigation  demawk  in  Montana  and  fuU  ColumbL 
Kiver  requirements  have  been  satiafied.  vx)iumDia 

The  hydrographs,  submitted  sepaiately,  show  graphically  some  results  of  studies 

iL^i^tll  J^  River  at  Newport  over  the  period  1903  to  1920.  iagluaive; 

•too  incigatwn  demands  in  Montana  and  full  Columbia  Baaiu  demand. 


USES  or  IJttE  UPPER  COLUMBIA  KIVER, 
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Table  1. — Reduction  of  outflow  to  in  flow  in  Pend  Oreille  and  Flathead  Lakes,  based  upon 
flow  at  Newport  as  estimated  by  Columbia  Basin  conimission  and  U.  S.  Geologkal 
Survey  gaugings  at  Flathead  River  near  Poison  and  gauge  readings  on  both  lakes; 
also  showing  estimated  future  irrigation  demands  and  remaining  inflows, 

PEND  OBEILLE  LAKE. 


[Values  in  acre-feet.) 


• 

Outflow 
Columbia 

Basin 
report. 

Gauge 
height, 
end  of 
month. 

Correction 
outflow  to 

inflow 
(-r)or(-) 

Inflow. 

Future 

irrigation 
demand 
above  lake. 

Remaining 
inflow. 

1919-20. 


1,279, 800 

4,001,400 
1,853,300 
792,000 
460,500 
399, 700 
398,700 
313,500 
387,600 
4e3,200 
517,700 

/  2,051.6 
\  2,054.1 
2,059.7 
2,062.1 
2,056.0 
2,051.9 
2,050.7 
2,a=50.5 
2,050.5 
2,050.6 
2,051.1 
2,050,6 
2,051.2 

1  +205,000 

+460,000 
+200,000 
-505,000 
-335,000 
-95,000 
-15^000 

1,4S4, 800 

3,591,100 
4,201,400 
1,348,300 
457,000 
305,500 
384,700 
398,700* 
323,500 
427,600 
413,200 
562,700 

11,700 

57,700 
173,100 
158, 100 
88,700 
44,300 
7,000 
7,000 
7,000 
7,000 
7,000 
8,400 

1,173, 100 

3,533.400 
4,028,300 
1,190,200 
368,300 

32i»aoo 

316,500 

420. fiOO 
406,200 
554,300 

ItowA  

+10,000 

+40,000 
—40,000 
+45,000 

13,988,500 

-30,000 

13,958,500 

577,000  j  13,381,500 

FLATSBAD  LAKE. 

Outflow 

from 
Flathead 
Lake  at 

Gauge 
height, 
tt;inning 
ol  month. 

Correction 
outflow  to 

inflow 
(+)or(-). 

Inflow. 

Future 
irrigation 
demand 
above  lake. 

Remaining 
inflow. 

• 

1919-25. 

July  

318,300 
1,531,100 
.  2,076,500 
891,600 
335, 100 
182, 100 
141,400 
132, 100 
102,700 
95,900 
92,000 

92,800 

2,879.3 
2,883.0 

2, 888.8 
2,884.9 
^  2,881.1 
2, 8.S0. 0 
2,879.2 
2,878.8 
2.878.9 
2,878.8 
2,878.9 
/  12,878.9 
\  » 2,878.9 

+480,000 
+760,000 
-510,000 
-493,000 
-145,000 
-105.000 
-51,000 
+12,000 
-12,000 
+12,000 

798,300 
2,291,100 
1,566,500 
308,600 
190,100 

77,100 

00,400 
144,100 

90,700 
107,900 

92,000 

92,800 

5,000 
16,000 
48,000 
43,000 
12,0G0 
6,000 
5,000 
5,000 
5,000 
5,000 
5,000 

5,000 

793,300 
2,275,100 
1,518,500 
355,600 
178,100 

71,100 

85,400 
139,100 

85,700 
102,900 

87.O0O 

87,890 

}  

5,991r«00 

--44 

5,«39,600 

IM^OOO 

-                    I  1  tarn 

iFint.  sLast- 

16028r-23  7 
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FEDERAL  POWER  COMMISSION. 


Table  2A. 


-Available  run-offs  at  Newport  and  Metaline  Falls  and  storage  dtfwitOi 
required  for  different  power  demands. 

[ValuasiD  aece-Caet.! 


Pend  Oreille  Lake. 


Net  inflow 
(see  Table 


1919-20. 

April  

May  

June  

July  

August  

September  

October  

November  

December  

January  

February.  

March  

Toua  


1,473,100 
3,533,400 
4,028,300 
1,190,200 
368,300 
321,200 
377, 700 
391,700 
316,500 
420,600 
406,200 
554,300 


Corrections 

due  to 
difference 
between 
outflow 
and  inflow, 
Flathead 
Lake. 


+  480. 
+  760, 
"510, 
-493, 
-145, 
-105, 
-51, 
+  12, 
-12, 
+12, 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


13,381,500 


-52,000 


Available 
inflow. 


1,9.53,100 
4,293,400 
3, 518,  .300 
697,200 
223,300 
216, 200 
326,700 
403,700 
304,  ."00 
4:32,600 
406,200 
554,300 


13,329,500 


Pend  Oreille  at  Metal- 
toeFUto. 


Inflow 
between 
Newport 

and 
Metaline 

Falls. 


130,300 
4,900 
26,800 
9.5,900 
44,300 
35,700 
16,000 
23,200 
22,800 
30,700 
43,400 


Corrected 
flow  at 

Metaline 
Falls. 


2,083,400 
4,298,300 
3,545,100 
793,100 
267,000 

25J,roo 

342,700 
426,900 
327,  .300 
463,300 
449,600 
554,300 


474,000  13,803,500 


Columbia  Bai^  pccieet. 


Demand. 


560,600 
1,152,200 
1,152,200 
1,152,200 
1,089,900 
685, 100 
436,000 


Draft 
from 
storage. 


4.55,000 
866,600 
468,900 
109,300 


1,899,800 


Table  2R.— Columbia  Ba»in  demand  for  irrigatim  md  van(m$  pmmr  demmds  at 

MeUiline  Falls. 

[X'alues  in  acre-feet-J 


• 

2,000  second-feet  for 
power. 

3,000  second-feet  for 
power. 

4,000  second-feet  for 
power. 

ComUned 
demand* 

I>rmftfrom 

storage. 

Combined 
demsAid. 

1 

Draft  from 
stCHrage. 

Combined 
demand. 

Draft  from 
storage. 

1910-ao. 

679,600 
1,275, 200 
1,271,200 
1,275,  200 
1,212,900 
804, 100 
559,000 
119,000 
123,000 
123,000 
115,000 
123,000 

739, 100 
1,:3;J6,700 
1,330,700 
1,336, 700 
1,274,400 
863,600 
620,500 
178,500 
184,500 
184,500 
172,600 
184,500 

1  ... 

791,600 

1,398,200 
1,390,200 
1,398,  200 
1,335,900 

m,  100 

682,000 
238.000 
246,000 
246,000 
230, 100 
246,000 

May  

Jtme  

""*482,'i66' 
945,300 
552,200 
216,300 

54^,600 
1, 006,800 
611,700 
277,000 

6Q5,'i66 
1,068,300 
671,200 
339,300 

February  

ICardi.*. 

Total  

2,195,900 

2,430,900 

2,683,900 

USES. or  THE  XJPPER  COLUMBIA  BIVEE. 


TABI.E  2A.-'Available  run-offs  at  Newport  and  Metalim  Falls  and  storage  capacities 

required  Jor  difftretU  pouer  demands — Continued. 


5,000  second-feet  for 
power* 

6,000  second-feet  for 
* 

jpowei^a 

7,000  second-feet  for 

Combined 
demand. 

Draft  fran 
stoniie* 

i  .    .  . 

Combined 
demand. 

Draft  from 
storage. 

Combined 
demand. 

Draft  from 
stengs. 

"  1010-20. 

May  

858,100 
1,450,000 
1.449,700 
1,459,000 
1.39^,400 
982.600 
74i,500 
297,500 
307,500 
307,500 
287,600 

917,600 
1,521,100 
1,509,200 

1,521.100 
1,4,58.800 
1,042,100 
804,900 
357,000 
368,900 
368,900 
345, 100 



977,100 
1,582,600 
1 , 568,  700 
1,582,600 
1,520.300 
1,101,600 
866,400 
416,500 
430,400 
430,400 
402,600 

665,900 
l,i:&,800 
730,700 
400,800 



728,000 
1.191,200 
790,  200 
462,200 

789,500 
1,252,700 
849,700 
523,700 

i^^ooio 

si03»lflll 

307,500 

2,927, 200 

368,900 

3, 171,600 

430,400 

3,508,300 

1 
1 

1  stored  during  October  and  not  held,  ov^  Irrigation  period. 
^  Only  02,300llered  over  Ittfgatittt  jNnod: 

Nora.— Storage  capacity  required  increases  by  244^O0Oaicte4Bet  for  eadi  l^siomd^Bel  ineieaeetepomr 
danuoid  iQ>  to  Mod  MQOiid^^ 

Table  Zk,— Showing  monthly  discharge  of  Flathead  River  ai  PoUan.  Mont..  regulaUd 
by  1.560,000  acre-feet  of  storage  in  FlmAiai  Lake  operated  in  wnjunction  tnth  lA^ofiOO 
aere^eet  of^bmgt  in  Ptiesl  Lake  and  Pend  Oreille  Lake  soasto  sati^full  Columbta 
Baem  demtmd  and  give  quandtie$  Mktmon  at  Metaline  FaUs, 

[Storan  to  Fend  Oieflle  Lake  to  devatSoo  2006^  1,265,000  aere-fiset;  in  Priest  Late  to  Ovation  2446, 100^ 

acs^foet.] 


Available 

inflow  to 
Flathead 
Lake. 

Columbia  Basin  phis  2,000  second- 
feet  at  Metaline  Falls. 

Columbia  Basin  plus  3j000  second- 
feet  at  Metaline  Falls. 

Storage. 

Regulated. 

Discharge. 

Storage. 

Regulated.  > 

Discharge. 

191^20. 

793, 300 
2,275, 100 
1,518,500 
355,600 
178, 100 
71,100 
-  85,400 
139,100 
85,700 
102,900 
87,000 
87,800 

A  cre-fcet.  . 
793,300  ' 

1,275,100 
9.58,500 
390,700 
390, 700 
378,000  , 
301,700  ' 
255,000 
263,400 
263,400 
246,400 
263,400 

Second-feet, 
13,330 
20,740 
16,100 

6,3.50 
6/350 
6. 3.50 
4,910 
4.280 
4, 280 
4, 280 
4, 280 
4,280 

Acre-feet,  i 
793.300  i 

l,-27o.  100 
958.500 
452;  100 
452,200 
437,600 
36:3,200 
205,800 
213,700 
213,600 
199,900 
213,600 

Secondrftet. 
13,330 
20,^740 
16,100 
^380 
7,3S0 
7,3S0 
5,900 
3.470 
3,470 
3,470 
3, 470 
3,470 

May  

September  

December  

-fl,000,000 
+560,000 
-35,100 
-212,600 
-S0d,900 
-216,300 
-11.5,900 
-177. 700 
-160;5(K) 
-159,400 
-175^600 

+  1,000,000 
+560,000 

-96,500 
-274, 100 
-366,500 
-277,800 

-67, 700 
-128,000 
-110,700 
-112,900 
-125^800 

5^779,600 

1,560,000 

1 

1,560^000 

1   

  I 

Availabie 

inflow  to 
Flathead 
Lake. 

Columbia  Basin  plus  4,000  second- 
feet  at  Metaline  F^. 

Columbia  Basin  plus  o.OOO  seomd- 
feet  at  Metaline  Fails. 

8t<»age. 

Regulated.  |  Dtodiarge. 

Storage. 

Regulated. 

Dtsobares. 

1919-29. 

703,300 

2,275, 100 
1,518,500 
355,600 
178,100 
71,100 
85,400 
.    139, 100 
85,700 
102,900 
87,000 
87,800 

Acre-feet, 
793,300  , 

1,275, 100 
958,500 
513,700 
.513,600 
497, 100 
424, 700 
158,600 
163,900 
163,900 
153,  :'00 
163,900 

Second-feet, 
13,330 
20, 740 
16, 100 
8,  .350 
8,350 

8,  ?riO 

6,910 
2,660 
2,660 
2,660 
2,660 
2,660 

Acre-feet. 
793,300 

1,275,100 
958,500 
574,900 
574,900 
5.56, 400 
486.200 
110,500 
114,300 
114,300 
106.900 
114,300 

Second-feet^ 
13,330 
20,740 
16,100 
0,350 
9, 350 
9,350 
7,000 
1,860 
1,860 
1,860 
1,860 
1,860 

July  

November  

March  

+  i,  000,  (KK) 
+560,000 
-158,100 
-335,  .500 
-426,000 
-3:39,300 
-19,500 
-78,200 
-61,000 
-66,300 
-76,100 

+  1,000,000 
+560,000 
-219,300 
-396,800 
-485,300 
-400,800 
+28,600 
-28,600 
-11,400 
-19.900 
-26,500 

5^771^000 
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F£D£BAL  FOWEB  COMMISSION 


Table  3B. — Showing  monthly  discharge  of  Pend  Oreille  River  at  Metaline  Falls  as  regu- 
lated by  oSOyOOO  acre-feet  storage  in  Flathead  Lake  and  1,425^000  acre-feet  of  storage  in 
Priest  Lake  and  Pend  Oreille  Lake  and  after  satisfying  full  Columbia  Basin  demand. 


[Storage  in  Fttod  CMIle  L«kB  to  «tevsti«m  2,(»&  1,265.000  Mra^lBol;  in  Piiest  lAln  to  etevstlon 


Adjusted 
net  flow  at 
Metaline 
laUa* 

Ootumbia  Basin  plus  2,000  second* 
leetatMetaUoeFaUs. 

Ottnmbia  Basin  plus  3,000  second- 
feet  at  Metaline  Falls. 

Storage. 

Regulated 
discbarge. 

For 
power. 

Storage. 

Regulated 
discharge. 

For 
power. 

1919-20. 
ADril     -   - 

2,OH;^,400 
4, 298, 300 
3,  54:.,  100 
793, 100 
267,600 
251,900 
342,700 
426,900 
327,300 
463,300 
449,600 
554,300 

2,083,400 
2,298,300 
2, 560, 100 
1,275,200 
1,212,900 
804,100 

559,  oa) 

542,800 
505,000 
623,800 
609,000 
729|900 

Second-feet. 
25,600 
18,600 
23,600 
2,000 
2,000 
2,000 
2,000 
9,120 
8,210 
10, 140 
10,580 
11,870 

2,083,400 
2,298,300 
2,560,100 
1,336,700 
1,274,400 
863,600 
620,500 
404,600 
455,300 
574,000 
562,500 
680,100 

Second-feet, 
25,600 
18,600 
23,600 
3,000 
3,000 
3,000 

iffir 

Julv  

+1,000,000 
+  425,000 
-447,000 
-732,700 
-245,300 

+  1,000,000 
+425,000 
-447,100 
-732,700 
-245,300 

October  

3,000 

8,310 
7,400 
9,330 

9, 780 

November  

December  

Januarv . .   

February  

March  

Total..*... 

13,808)500 

taMMBtiOO 

.   -  T.i  Jr. 

-    . 

Adjusted 
net  flow  at 
Metaline 
FaBs. 

Columbia  Basin  plus  4j000  seoond- 
feetotM^aMmi^. 

ColiunMa  Basin  plus  5^  seoendr 

Storage. 

Regulated 
duMibai^. 

For 
yewer* 

storage. 

Regulated 
diBoliaKSe* 

For 

i9i»-ao. 

April  

2,083,400 
4,298,300 
3,  .545, 100 
793, 100 
267,600 
251,900 
342, 700 
426,900 
327,300 
463,300 
449,600 

2,083,400 
2,298,300 
2,560, 100 
1,398,200 
1,335,900 
923, 100 
682,000 
446,400 
405,  .500 
524,300 
515,900 
630,400 

Second-feet. 
25,600 
18,600 
23,600 
4,000 
4,000 
4,000 
4,000 
7,500 
6,590 
H,530 
8,970 

io,aoo 

2,083,400 
2,298,300 
2,560, 100 
1,459,000 
1,397,400 
982,600 
743.500 

25,600 
18,600 

23,600 
5,000 

1  5,000 
5,000 

1  5.00O 

July  

August  

Septemb«r  

October  

+  1,000,000 
+425,000 
-447,000 
-732,800 
-245,200 

+1,000,000 
+425,000 
-446,600 
-733,000 
-216,100 

November  

996,300  1  6,600 

355.900  1  5.790 

January  

474,700 
460,600 
580.800 

7,720 
8,160 
9.450 

February  

mreh  

i 

1  l,«25y000 

13, 803,  €00 

1  13,803,500 

1 

Total  storage,  2,985,000  aete-feet.  , 

Table  4A.—Pre$ent  irrigatim  demands  for  kmds  irfigoted  ftm,  the  Cohnmbm  Rivtr 

and  tributaries. 


Demands  in  second-feet. 

Total. 

Aiea. 

April. 

May. 

Jttpe. 

July. 

August. 

Sep- 
tember. 

Octo- 
ber. 

Acres, 

Acre-feet, 

ICcttle  

0 

0 

Colville  _  

5,000 

21 

42 

50 

75 

75 

50 

2i 

20,000 

10,000 

42 

84 

100 

150 

150 

100 

42 

40,000 

0 

33,000 

137 

275 

330 

495 

495 

330 

137 

132,000 

12,000 

50 

100 

120 

120 

180 

180 

50 

48,000 

3,000 

13 

26 

30 

44 

44 

30 

13 

12,000 

Entiat  

2,000 

.  9 

17 

20 

;)0 

30 

20 

9 

8,000 

25,000 

105 

208 

250 

375 

375 

250 

105 

100,000 

5,000 

21 

42 

50 

n 

75 

50 

21 

21^,600 

Total  

95,000 

398 

794 

950 

1,364 

1,424 

1,010 

398 

3.80,000 

US£S  Of  UFf£K  COLUMBIA  BIVJSB. 
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TaIiIiS  4B.— JEjtwa^erf  future  irrigation  demands  for  lands  susceptible  o/  trriffoHan  from 

the  Columbia  River  and  tribviaries  in  Washington* 


Damaode  iitaeooDdliBat* 

Aiea. 

Octo- 
ber, 

Total. 

April. 

May. 

June* 

July. 

August. 

Sep- 
tember. 

Acres, 

A  cre-feet. 

1,750,000 

9,420 

18,740 

19,360 

18,740 

17,730 

11,510 

7,090 

6,228,200 

5,625 

25 

50 

60 

90 

90 

60 

25 

22,500 

4,680 

21 

42 

50 

75 

75 

50 

21 

18,720 

4,680 

21 

42 

50 

75 

75 

50 

21 

18,720 

1,875 

8 

17 

20 

30 

30 

20 

7,500 

16,875 

75 

150 

180 

270 

270 

180 

67,500 

34,665 

153 

308 

370 

555 

555 

370 

153 

138,660 

Chelan  River  

4,695 

21 

42 

50 

75 

75 

50 

21 

18,780 

Entiat  River  

975 

4 

8 

10 

15 

15 

10 

4 

3,900 

Wenatchee  River — 

^,030 

167 

375 

450 

675 

675 

450 

187 

168,120 

4,622 

21 

42 

50 

76 

75 

50 

21 

18,660 

Total  

1,870,622 

9,936 

19,816 

20,650 

20,675 

19,665 

12,800 

7,626 

6,710,690 

Table  5, — Estimated  flow  of  Columbia  River  at  mouth  of  important  streams  after  mU- 
isfying  anticipated  future  irrigation  requirements  on  each  stream, 

(Pend  OzeUle  River  assumed  regulated  by  storage  so  as  to  provide  minimum  flow  of  4,000  seoond-feet  at 

Metaline  Falls  after  satisfying  Columbia  Basin  demand.) 

[Values  in  second-feet.] 


■ 

Season,  191»-20. 

•  * 

Almoath  of  Pend  Onlto 
JEUver. 

At  mouth  ol  Kettle  River. 

Columbia 
River  at 
^alL 

Regu- 
lated 
discharge, 
Pend 
Oreille 
River. 

Total 
flow*. 

Kettle 
River  dis- 
charge.i 

Total 
disctevge. 

Irrigation 
demand, 

Kettle 
River. 

Remain* 

ing 
aischargeu 

luly  -  

September  

34,400 
107,000 
195,000 
179,000 
119,000 
72,500 
34,700 
21,800 
15,700 
15,200 
13,300 
U,700 

25,600 
18,600 
23,600 
4,000 
4,000 
4,000 
4,000 
7,500 
6,590 
8,530 
8,970 
10,200 

60,000 

125,600 
218,600 
183,000 
123,000 
76,500 
38,700 
29,300 
22,290 
23,730 
22,270 
21,900 

7,010 
12,000 

8,360 

2,150 
512 
458 
987 

1,420 
847 
800 
930 
878 

67,010 
137,600 
226,960 
185, 150 
123,512 
76,958 
39,687 
30,720 
23,137 
24,530 
23,200 
22,778 

25 
50 
60 
90 
90 
60 
25 

66,985 
137,550 
226,900 
185,060 
123,422 
76,898 
39,662 
30,720 
23,137 
24,530 
23,200 
22,778 

December  

Mttidl' 

819,300 

125^600 

M#,80O 

36,362 

981,242 

April  

May  

June  

July  - 

August  

September  

October  

November.. 

December  

January  

February... 
March.  

TotaL  


Atmoutliofat^QiEaiieBtvir.  Atamrtliofa 

Spokane 

River 
discdiarge. 

Total 
dischacfe. 

Irrigation 
(demand, 

Spokane 
River. 

Remain- 
ing 
disdiarge. 

San  p  oil 
River  dis- 
charge.« 

Total 
disdiarge. 

Irrigation 
demand, 

Sanpoil 
River. 

Remain- 
ing 
discharge. 

22,443 
21,084 
9,260 
3,210 
2,800 
2,670 
2,542 
2,620 
2,700 
2,680 
3,410 
6,630 

89,427 
158,634 
236, 160 
188,270 
126,222 
79,568 
42,204 
33,340 
25,837 
27,210 
26,610 
29,408 

«^ 
126 
150 
225 
225 
150 

63 

89, 364 

158,508 
236,010 
188,045 
125,997 
79,418 
42, 141 
33,340 
25,837 
27,210 
26,610 
29,408 

863 
811 
435 
176 
66 
48 
55 
83 
78 
110 
103 
366 

90,227 

159,319 
236,445 
188,221 
126,063 
79,466 
42, 196 
33,423 
25,915 
27,320 
26,713 
29,774 

8 
17 
20 
30 
30 
20 

8 

90,219 
159,302 
236,425 
188, 191 
126,033 
79,446 
42, 188 
33,423 
25,915 
27,320 
26,713 
29,774 

82,048 

1,062,860 

1,608 

1,061,888 

8,194 

1,066,068 

■ 

m 

I  Discharge  recocdelor  19H-1& 
1602&— 23  8 


<  Mean  for  w^mmmB  1911-1018. 
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Table  5. — Estimated  flow  of  Columbia  River  at  moiUh  fof  important  9tream$  after  sait* 
i^fyi''^  anticipated  fuitw€  irrigation  reqmremerUi  on  each  stream — Ckmtinued. 


Sec8CHilfl9-20. 


April  

May  

June  

July  

August  

S^tember. 
October — 
November. 
December.. 

January  

Februsury.. 
Mtt^  

Total 


At  mouth  of  Okanogan  Biver. 


Okano- 
gan 
River 
dis- 
charge. 


2,517 
10,375 
12,030 
5,820 
2,239 
1,400 
985 
1,160 
903 
868 
1,100 


40,185 


Total 
di^icharge. 


92,736 
169,677 
248,455 
194,011 
128,272 
80,846 
43,173 
34,583 
26,818 
28,188 
27,813 
30,562 


1,105,134 


Irriga- 
tion 


212 
425 
510 
765 
765 
510 
212 


3,399 


Remain- 
ing dis- 
etauge* 


92,524 
169,252 
247,945 
193,246 
127,507 
80,336 
42,961 
34,583 
26,818 
28, 188 
27,813 
30,562 


1,101,735 


At  mouth  of  Hethow  Biver. 


Methow 
River 
dis- 
charge. 


2,240 
5,156 
5,590 
2,855 
930 
610 
463 
443 
336 
370 
366 
301 


19,720 


Total 
discharge. 


94,764 
174,408 
253,535 
196, 101 
128,437 
80,946 
43,424 
35,026 
27,154 
28,558 
28,179 
30,023 


1,121,455 


Irriga- 
tion 
demand- 


206 
400 
490 
711 
711 
490 
200 


Remain- 
ing dis- 


94,558 
174,008 
253,045 
195,390 
127,726 
80,456 
43, 224 
35,026 
27,154 
28,558 
28,179 
30,023 


3,208 


1,118,247 


8e«KmlOlO-ao. 


Jime  

July  

August  

September. 
October — 
November. 
December.. 
January. ... 
February. , 
llaich  

Total 


At  mouth  of  Chekm  River. 


Chelan 
River 
dis- 
charge. 


2,510 
5,584 
6,500 
6,424 
2,044 
088 
409 
832 


006 
945 


27,097 


Total 
diadbarge. 


97,068 
179,592 
259,545 
200,814 
129,770 
81,444 
43,633 
36,868 
27,717 
29,261 
28,784 
31,868 


Irriga- 
tion 
demand. 


1,146,344 


33 
66 
80 
116 
116 
80 


624 


Remain- 
ing dis- 
charge. 


97,035 

470 

179,526 

1,407 

259,465 

1,887 

200,698 

1,149 

129,654 

372 

81,364 

197 

43,600 

124 

35,858 

131 

27,717 

114 

29,251 

127 

28,784 

124 

31,868 

121 

1,144,820 

6,223 

At  maoth  of  Eutisi  Bivk. 


Entiat 
River 
dis- 
ebaige. 


Total 
discharge. 


97,505 
180,933 
261,352 
201,847 
130,026 
81,561 
43,724 
35,989 
27,831 
29,378 
28,908 
31,989 


1,161,043 


Irrigar 
tion 
demand. 


13 
25 
30 
43 
43 
30 
13 


197 


ing  dis- 
clmrge. 


97,402 

180,908 
261,322 
201,804 
129.983 
81,531 
43,711 
35,989 
27,831 
29,378 
28,908 
31,989 


8eamittl»-S0. 

At  mouth  of  Wanatcheo  Riw, 

other  future  demands 
above  Priest  Bapida. 

Wenatchee 

River 
dtaehMBD** 

Total 
discharge* 

Irrigation 
demand* 

Remaining 
disflteiya* 

Future 
dfiimndi 

Remaining 
dtflGteiga. 

July  

5,000 
9,107 
9,803 
7,663 
2,766 
1,186 
090 
1,920 
1,680 
2,320 
1,850 
1,700 

102,492 
190,015 
271,125 
209,467 
132,749 
82,717 
44,401 
37,909 
29,411 
31,698 
30,758 
33,689 

287 

564 
700 
1,015 
1,015 
700 

•  277 

102,205 
189,451 
270,425 
208,452 
131,734 
82,017 
44, 124 
37,909 
29,411 
31,698 
30,758 
33,680 

21 

42 
50 
75 
75 
60 
21 

102,184 

189,409 
270,375 
208,377 
131,659 
81,967 
44,103 
37,909 
29,411 
31,698 
30,758 
33,980 

Mav^  

43,585 

i,m,43i 

^558 

i,m,8a 

s  Discharge  estimated  by  efflmporinn  betwoea  ptevioos  feeotds  ol  Bryden  wd  jnoiiih  of 
near  Leavenworth. 
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Table  b.-^MHvnated  flow  oj  Columbia  River  at  mouth  of  important  streams  after  sat- 
isfying aifUidpatedfutwe  irrigatUm  requkremenU  on  eocft  $tream-4!kmtinned. 


Jtme 

July  

August  

September 
October... 
November. 
December. 
January . . . 
February. . 
March  


Colombia  Biver  at  Veraita. 


Observed 
discbarge. 


96,600 
221,000 
335,000 
261,000 
154,000 
92,200 
49,700 
36,400 
28, 100 
27,500 
31,100 
32, 100 


CoiTection 

for  storage 
above.* 


+11,320 

-13,660 
-24,740 
-8,960 
-f8, 120 
+7,170 
H-4,330 
+410 
+  1,120 
+  1,730 
+330 
+2,000 


R^ulated 
discbarge. 


107,920 

207,340 
330,360 
252,040 
162, 120 
99,370 
54,030 
36,810 
29,220 
29,230 
31,430 
34, 100 


Total  all 
future  de- 
mands for 
irrifrtfawt* 


9,936 
19,816 
20,650 
20,675 
19,665 
12,800 

7,025 


Rewwrfriffng 

estimated 
dischar^* 


97,984 
187,524 
309,710 
231,365 
142,455 
86,570 
46,404 
36,810 
29,220 
29,230 
31,430 
34,  lOO 


*  Tndodes  also  Irrigation  demand  in  Montana. 


LIST  OF  DIAGBAHS. 

Hydrographs  of  Columbia  Bmui  demand. 

Hydiograph  of  Columbia  Biver  at  mouth  of  San  Foil  lUver. 

Hydrograph  ct  Columbia  River  at  Kettle  Falls. 

Hydrograph  of  Columbia  River  at  Vemita. 

Monthly  hydrograph  of  Pend  Oreille  River  at  Metaliae  Falls  for  minimum  year 
April,  1919,  to  March,  1920,  showing  gauged  flow  and  flow  corrected  for  influence  upon 
monthly  stream  discharge  by  reason  of  natural  storage  in  Pend  Oreille  and  Flathead 
j^kes. 

Hydrograph  of  Flathead  and  Pend  Oreille  Rivers  showing  parallel  opemtion  of 
^rage  <m  Flathead,  Fmd  Oroille,  and  Priest  Lakes  to  satirfy  Cplmnbia  Basin  d^^and 
and  give  2,000  second-feet  minimum  at  Metaline  FkUs,  minimum  year  April,  1919,  to 
Mardi,  1920.  Storage  of  1,560,000  acre-feet  in  Flathead  Lake,  1,265,000  acre-leet  in 
Jh&nd  Oreille  Lake,  and  160,000  acre-feet  in  Priest  Lake. 

Same  hydrograph  as  above  giving  3,000  second-feet  minimum  at  Metaline  Falls. 

Same  hydrograph  as  above  giving  4,000  second-feet  minimum  at  Metaline  Falls. 

Same  hydrograph  as  above  giving  5,000  second-feet  minimum  at  MetaUne  Falls* 

Diagram  showing  relation  between  discharge  available  for  power  develc^mient  in 
Flathead  River  and  at  Metaline  Falls  after  future  irrigation  demands  in  MAntyna  and 
demand  of  full  Columbia  Basin  ptojecti  based  m  n*init«nm  diadbaqj^  season  AmU, 
1»19,  to  March,  1980. 
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Developed  water  power  in  upper  Columbia  River  drainage  ba»in  in  Washington. 

IFnm  U.  8.  O^olofical  Sorvey.l 


OwMniklp* 


Black  Rock 
Power  &  Inigft> 
tion  Co. 

Lcbis^  Portland 

'•■  GteeotCo. 

Kulzer  Electric 

System. 
Republic  Light  & 
Power  Co. 

Stevens  County 
Power  &  Light 
Co. 

Spokane  munici- 
pal water  sup- 
ply. 

Washington  Wa- 
ter Power  Co. 
'  Do.  


Toimaiideoiiiitr. 


Spokane  <&  East- 
em  Railway  & 
Power  Co. 

Washing  ton 
Water  Power  Co 
Do..  


Mount  Spokane 

Power  Co. 
United  States  Reo- 

lamattonServiee. 


Do. 


Olcanogan  Valley 
Power  Co. 
Do.  


Twi^p   Light  & 

Power  Co- 
Twisp  Roller  Mills 

&.  Power  Co. 
Chelan  Electric  Ca 

Chelan  Falls 

Power  Co. 
Washington  Coast 

UtUities  Co. 
Great  Northern 

Ry.  Co. 
Tumwater  Ligjit 

Power  Co. 
Washingtcm  Coast 

Utilities  Co. 
City  of  EUenburg. 

Pacific  Power  & 
Li^t  Co. 

Dol"!!!!!"" 


Priest  Rapids, 
Yakimn  County. 

MetaMne  Falls, 
Pcnd  Otellle 
County. 

Stenrans  County... 

Republic,  Ferry 
County. 

Meyers  Falls,  Ste- 
vens County. 

Spokane^  Spokane 
County. 

Spokane,  upper 

falls. 
Spokane,  low«r 

falls. 
Ninemile  Falls, 

I^Mkane  County 

Long  Lake,  Lin- 
coln County. 

Little  Falls,  Stev- 
ens County. 

Milan,  Spokane 
County. 

Okanogan,  Oka- 
nogui  County. 


.do. 


Stnam. 


Location  of  power 
plant. 


United  States  Rec- 
lamatloo  Service. 
Do.  


Do. 


Oroville,  Oka- 
nogan County. 
Pateros,  Oka- 
nogan County. 
Twisp,  Okanogan 

County. 
 do...  

Chelan,  Chelan 

County, 
-.-•do.  

Entiat,  Chelan 

County, 
Leavenworth, 
Chelan  County. 

Dryden,  Chelan 

County. 
EUenburg,  Kitti- 
tas County. 
Naehes.  YaUms 
County. 

....do...  

Yakima,  Yaldma 

County. 
Rimrock,  Yakima 

County. 
(Snipes  Mountain 
Pkmt),  Yakima 
County. 
(Rocky  Ford 
plant),  Yakima 
Coimty. 

1  Kilowatt. 


Columbia 
River. 

^oHivanCreefc 


JumpoffCredc 
O'Brien  Creek 
ColviUe  River. 

^Mkane  Rivec 

.  *  *  a  MCtO.  ...  .  .  I 

.....do....... 

 do  , 

Spokane  River 
 do.  

Little  Spo- 
kane River. 

Salmon  Creek, 
drop  in  up- 
per mabi  lat- 
eral. 

Drop  in  main- 
land. 

Similkameen 
River. 

MetliowRivtf. 

TwispRlvtf.. 

 do  

Chelan  River.. 
.....do.......  • 

Entiat  River. . 

Wena  tehee 

River. 
I .  .do**.. • . .' 


Bated 
o^paelty. 


Water 
wheels. 


Horse- 
power, 

Sec  ^  T.  13  N.,*R.  33  E.    2, 000 

Sec*  22,T.  39  N.^^  £.    6, 000 

Sec  26,T.  31  N.,R.40  E .  300 

T.36N.,R.33E.   150 

Sec  »,T.  36  N.,R^  £.    1,  MO 

Secll,T.2SN.,R^E. 

Secl%T.25N.,R^E. 
86cl8,T.t»N.,R.43E. 
Sec6,T.26N,,R.42E.  22,000 


See.  13,  T.  27  N.,  R. 
39  E. 

Sec.  20,  T.  27  N.,  B- 

39  E. 

Sec.  2,  T.  28  N.,  B. 

43  E 

Sec.  29,  T.  34  N.,  R. 
26  £. 


Gener- 
ators. 


Kv,A. 
U,800 

3,530 

85 
75 
1,200 


Head* 


 do  

Yakima  River 
Naehes  River. 

..-.do.  


Sec.  .5.  T.  33  N.,  B. 

26  E. 

Sec.  13,  T.  40  N,,  R. 
26  E. 

Sec.  34,  T.  30  N,,  B. 

23  E. 

Sec.  12,  T.  33  N.,  B. 

21  E 

Sec.  8,*  T.  33  N.,  R. 
22E. 

Sec.  18,  T.  27  N.,  R. 

23  E. 

Sec.  29,  T.  27  N.,  B. 

23  E. 

Sec.  18,  T.  25  N.,  R. 
21  E. 

Sec.  10,  T.  24  N.,  R. 
17  E. 

See:iO,T.24N.,B.17B. 


> . . .  .do. 

Tietcm  RIvot.. 

Yakima  River, 
Snnnyslde 

Canal. 
— *do  


Sec.26,T.a4N.,R.lSE. 

Sec32,T.18N.,R.18£. 

8ec3,T.14  N.,B.17B. 

Secl3,T.14N.,R.l7E. 
Sec23,T.13N.,B.18E. 

See.  31,  T.14N.,  R.14E. 
Sec.2,T.9N.,R.22£. 


Sec27,T.9N.,R.23E. 
f  FloarmiU.  •Ponvtbig. 


Feet, 


26 
460 
810 

m 

133 


3,800 

Pomps. 

16-24 

14,290 

Ul,730 

88 

15,800 

9,500 

64-74 

22,000 

12,000 

68 

• 

67,500 

152,500 

172 

36,000 

120,500 

78 

400 

200 

24 

250 

187 

58 

250 

187 

108 

2,500 

2,000 

79 

700 

450 

171 

50 

23-28 

172 

21 

270 

125 

11-15 

1,100 

1,000 

30-38 

2,000 

1,375 

78 

1^000 

7,500 

m 

250 

200 

68-88 

2,380 

1,750 

55 

1,600 

1,000 

63 

1,000 

1,780 

a 

10,100 

no 

8,440 
425 

151 
38 

1,400 

1,000 

75 

63 

200 

187 

78 
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Developed  water  power  in  upper  C^umJm  River  drainage  badn  in  Waehingtan— Con. 


OwnmAip. 


I'iited  states  Rec- 
innatian  Service. 


]>o. 

Do. 


Do  

Total. 


ToimaiidMiiitf. 
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•^Pumping. 

Developed  water  power  in  upper  Columbia  River  drainage  basin^  British  Columbia. 


Ownefihip. 


CltyiMrBAvtfstQte. 


Hedley  Gold  Mining  Co. 
Do.  


CityofNtisOn. 
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HYQRQGRAPJi  OF  COLUmiA  RlVlll  AT  KETTLE  FALLS 
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HYDROGRAPH  OF  COLUMBIA  RIVER  Al  KETTLE  FALLS 
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HYaRaQMAPH  OF  COLUMBIA  RIVEkAT  VEkmTA 
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H  YDR 0 GRAPH  OF  COLUMBIA  RfYER  AT  ViMITA 
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CO0HKCTED  Fop  /VATc/RAL  STomAce /At PgM» 

OKSILLE    lA/^£  O/iLY 

CoppEcreo  For  natokal  Storack /n 


i 
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And  P£fio  OftefLLE  Lakfs,  >4cj>£  recr 
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